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Joun Duer Irvinc. 


Part II. Criteria of Replacement. 


General. 


The recognition of an ore-body as the result of replacement 
may be made by many different criteria. It rarely happens that 
all of these criteria can be applied to a single deposit, but in most 
cases one or more of them will be available. Many of them may 
be applied directly in the field, others require the use of the 
microscope. 

That the discussion which follows may be more easily under- 
stood the appended classification of criteria is given: 

1. Presence of complete or partly faceted crystals in foreign 
rock masses. 

. Preservation of rock structures. 

. Intersection of rock structures. 

. Absence of concave structures. 

. Absence of crustification. 

. Unsupported structures. 

. Form. 

. Decrease in volume due to change in composition. 

. Excess of volume of introduced mineral over original pore- 
space of rock. 
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It is important to understand that most of the criteria service- 
able in recognizing replacement may be obliterated by regional 
metamorphism. Any class of ore-deposit may suffer meta- 
morphism, together with the enclosing rocks. Original struc- 
tures are then completely obscured. If such metamorphism is 
extreme, the ore-deposits afford no criteria as to the part played 
by replacement in their original formation. 


COMPLETE OR PARTLY FACETED CRYSTALS IN COUNTRY ROCK. 


At the edges of those replacement-masses in which the transi- 
tion from ore to rock is gradual, or in cases where the new 
mineral is sparsely disseminated through the country-rock in 
the vicinity of some minute crevice or cavity, the microscope will 
often show that the new mineral has complete crystalline form, 
that is, has all of its faces developed. 

Crystals which grow in cavities are attached to the walls of 
the openings in which they are deposited or to other earlier 
deposited crystals, and therefore never have all of their faces 
completely developed. Eveti where not perfectly developed, the 
relations of some one crystal face to the grains of the original 
rock affords an excellent criterion. Crystals of this kind may 
develop in sedimentary, igneous or metamorphic rocks, and since, 
in each case, the rock structure is different the nature of the 
evidence which they afford of replacement will likewise differ. 

Crystals in Sedimentary Rock.—Sandstones and quartzites 
consist of more or less water-worn grains of quartz, deposited 
in the form of solid particles. In quartzites the grains are 
cemented by later silica, but can usually be distinguished from 
it. Complete crystals of pyrite, fluorite, galena, siderite, tour- 
maline, and other minerals, often occur in such rocks, show- 
ing perfectly or partly bounded crystals embedded partly in one 
grain and partly in another, as the crystal faces extend through 
and intersect two or more grains of the original quartz. Fig. 91 
shows quartzite partly replaced by siderite and pyrite and Fig. 
92 shows needles of tourmaline transecting the clastic grains of 
quartz which they replace, or entirely within them. Many other 
illustrations might be given. 
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It is evident that these crystals could not have been deposited 
with the sand grains of the original rock, first because they are 
often too soft or friable to stand attrition without being de- 


Fic. 91. Quartzite partly replaced by siderite and pyrite. Helena and 
Frisco mine, Coeur d’Alene, Idaho, qg= quartz grains; s=sericite; si= 
siderite with partly rhombohedral form; black-pyrite. Magnified 100 diam- 
eters. (After Lindgren, T. A. J. M. E., Vol. XXX., p. 635.) Shows how 
crystal faces intersect original grains and metamorphic structures. 


Fic. 92. Incipient tourmalinization of quartzite. Three quartz grains shown. 
Needles, single and in bunches, of tourmaline. Mount Bischoff, Tasmania. 
(After W. von Fircks, copied by Lindgren, T. A.J. M. E., Vol. XXX., p. 637.) 
Shows how crystals of tourmaline pass from one quartz grain into the other. 


stroyed, or at least marred, during deposition, and secondly, be- 
cause the solid particles of quartz could not afterward have been 
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moulded around them. Nor could they have started their growth 
in the interstices between the quartz grains and forced the grains 
apart by virtue of the force of crystalline growth for that would 
not have resulted in the carving out of the perfectly fitting cavi- 
ties in which they are found. Microscopic examination on many 
such specimens also shows that in no case except that of rocks 
already metamorphosed do the constituent grains of the original 
rock show any strain phenomena such as wavy extinction or any 
other optical evidence of strain. The only other possible ex- 


Fic. 93. B= barite; shaded portion = fine-grained limestone. 


planation of their presence aside from replacement is that cavities 
have first been dissolved by circulating waters of exactly the 
shape and size of the crystals to be later deposited—a view 
which ascribes to circulating waters a sentient power which is 
manifestly absurd. 

If they be formed by replacement, however, no such difficulties 
arise. Solutions containing the ingredients of the new minerals 
dissolve the old and substitute the new in its place, molecule by 
molecule so that no discrepancy of space between crystal and rock 
grain can occur which is larger than the diameter of a single 
molecule. It is possible that the force exerted by the crystalline 
growth of the new mineral increases the pressure around its peri- 
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phery to such an extent as to materially aid in the solution of the 
old mineral and the simultaneous substitution of the new. 
Aside from their relation to individual grains crystals of this 
kind may also intersect the sedimentary bands of the original 
rock or other minute and easily recognizable original structures, 


Fic. 94. After Lindgren. Fluorite replacing limestone. Florence mine, Judith 
Mts., Montana, f= fluorite; /= limestone; secondary quartz. Note how 
crystal boundaries are perfectly developed on fluorite and quartz crystals. 


Fic. 95. Section of a portion of “ Speckle Jack,” showing the manner in 
which crystals of blende are embedded in the rock and the curvature of the 
lamin about them, (After Chamberlin, “ Geology of Wisconsin,” Vol. IV., 
P. 474.) 


such as fossils, cross bedding layers, etc., showing that they have 
been introduced subsequent to the formation of these structures. 
In limestones such well developed crystals or groups of 
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crystals are even more frequent. Fig. 93 shows large crystals of 
barite developed in a fine grained, granular limestone. Fig. 94 
shows crystals and clusters of crystals developed by replacement 
in limestone. 

In shales the case is somewhat different. Here the component 
particles of the original rock are extremely fine and likewise the 
banding. Newly introduced crystals can grow in such rocks by 
forcing aside the shaly material and compressing it to one side or 
the other. Fig. 95 shows a drawing taken from Chamberlin in 
which the crystals of blende may be seen with the banding of 
the shales passing up around them. 


Fic. 96. Cube of galena replacing shaly limestone. The crystal squarely 
intersects the shaly layers. Drawn by the writer from specimen from mines 
of Federal Lead Co., Mo. 


Fig. 96, however, shows a specimen of ore in which the galena 
fairly transects the original shale bands of the rock and is evi- 
dently a replacement. This is taken from a drawing made by 
the writer from a specimen-from the Federal Lead Company’s 
mines in Missouri. 

It is important in dealing with shales to determine if the crys- 
tals have grown by a distortion of the original layers or by 
replacement. 

Crystals in Metamorphic Rocks——In metamorphic rocks the 
same feature may often be observed. In certain specimens of 
ore from the Homestake mine crystals of arsenopyrite have de- 
veloped in the schist and the schistose foliae pass up around 
them just as in the case of shales forming peculiar knots in the 
rock when it is split without actually disclosing the kernel of ore 
beneath. 

In metamorphic rocks it is important to determine if the newly 
introduced crystals (1) intersect the metamorphic minerals such 
as garnet, staurolite, etc., (2?) ?* they intersect and are hence 
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later than metamorphic structures such as schistosity, etc., and 
(3) if they themselves are entirely free from shattering or strain 
due to metamorphism. If these three conditions are fulfilled it 
is safe to say that they have been introduced after metamorphism 
and their intersection of typical metamorphic minerals may then 
be taken as positive evidence of replacement. 

In regard to the evidence of crystals such as those just de- 
scribed Mr. Lindgren says :+ 


“The only decisive criterion (of molecular replacement) is that of 
metasomatic pseudomorphism involving the proof (generally furnished 
by microscopic study) as to whether simultaneous dissolution and depo- 
sition have actually taken place. The most satisfactory proof is the 
distinct alteration of well defined crystals (or at least well defined 
grains) of the original mineral into the secondary mineral in such a 
way that the latter projects into the former in prisms and fibers, 
having crystalline outlines. Another proof is afforded by sharply de- 
fined crystals of the secondary embedded in the primary mineral without 
any break between their surfaces; but in this case it must be clear that 
the replacing mineral is really secondary, and was not formed before the 
primary. Another satisfactory proof is given, if, for instance, in a 
sandstone the newly formed mineral has in part a crystalline form and 
its surfaces squarely intersect the grains of clastic material which it 
partly replaces.” 


Crystals in Igneous Rocks—Complete or partially developed 
crystals in igneous rocks can be attributed with certainty to re- 
placement only when there is no doubt as to their secondary 
nature. The constituent minerals of such rocks have crystallized 
from molten magmas and those which have crystallized first will 
often show well-developed crystalline forms, the other minerals 
moulding themselves about the faces of the earlier formed 
crystals. Quartz for instance frequently occurs in doubly termi- 
nated pyramids in rhyolite porphyries in such a manner that all of 
its faces are perfectly developed but as it is one of the ordinary 
original constituents of the rock no confusion can arise as to its 
primary origin. 

With these rocks only such minerals as cannot occur under 

*T. A. I. M. E., Vol. XXX., p. 595-506. 
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igneous conditions may, from the crystalline form of the mineral 
alone, or from its relation to the adjoining grains of the rock, be 
ascribed to replacement. When such minerals as siderite, calcite, 
arsenopyrite, and other minerals not characteristic of igneous 
rocks occur in them with faces which intersect or interpenetrate 
the other minerals of the rock, little doubt exists as to their 
secondary nature. With the other more usual minerals of ore 
deposits, such as galena, pyrite, sphalerite, chalcopyrite, pyr- 
rhotite, the case is more difficult; for, while the occurrence of 
such minerals as original crystallizations from magmas is rare, 
many petrographers believe that the metallic sulphides form in 
igneous rocks as primary minerals, and their intergrowth into ad- 
joining mineral grains cannot therefore be used with certainty 
as a proof of replacement. 

Assistance is furnished by the relation of mineral grains of 
the supposed new mineral to channels of access in the rocks. 
If pyrite, for instance, is thickly disseminated in crystals or 
partially faceted grains through the rock in the neighborhood of a 
crack or other opening and then gradually dies out as distance 
from the conduit is gained until in the normal rock it is absent, 
its crystalline form and the transection of the other constituent 
grains by one of its crystal faces may with certainty be used as an 
indication of its formation by replacement. Its relation to the 
fissure is enough to establish the fact that it is not an original 
igneous mineral. Its relation to the other grains will then deter- 
mine whether it is a cavity-filling or a replacement. Assistance 
is also furnished by the character of the mineral grains which 
it intersects. Thus a pyrite crystal which cuts into one of the 
faces of a perfectly developed quartz phenocryst is probably 
formed by replacement as the phenocryst would have been an 
early crystallization in the magma and would probably not have 
included a pyrite crystal partly in the mass but would have thrust 
it aside into the still molten mass or else have included it entirely 
so that it could not be forced out during crystallization. 

The association of metallic minerals with other products of 
thermal alteration such as sericite, which is absent in all fresh and 
unaltered rock will also serve to render this criterion valuable. 
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PRESERVATION OF STRUCTURES. 


General.—All rocks are characterized by certain structural or 
textural features which are either peculiar to them or have been 
later induced in them by the action of pressure or dislocation. 
Original structures such as stratification, cross-bedding, fossils or 
fossil groups, are characteristic of sedimentary rocks; pheno- 
crysts of igneous rocks; schistose and gneissoid structures of 
metamorphic rocks. Such structures are rarely to be confused 
with any of the structures met with in epigenetic ore-masses. 

Later disturbance may induce secondary structures such as 
folds, brecciated structures, joints, minute faults, etc., which 
may extend through considerable bodies of rock. 

Original rock structures are often preserved in ore-masses and 
then serve as an excellent indication of replacement. There 
is probably no criterion so readily detected or so generally 
serviceable. 

In order that a structure may serve as a criterion for replace- 
ment it must either be definitely characteristic of the original rock 
or, if later induced, clearly shown to have existed prior to ore- 
deposition. A structure which may have been independently 
formed in an ore-mass which fills a cavity will be of less certain 
value. There is usually no difficulty in making the distinction for 
original rock-structures, since there are generally very character- 
istic and are not often easily confused with ore-structures. With 
later induced structures such as folds, faults, joints, etc., it is not 
so simple, since the ore itself may suffer a like deformation. In 
such cases the intersection of the secondary structures by the ore- 
mass in such a way that the structure is partly in the ore and 
partly in the rock will often be of assistance. 

The original structural features of rocks which may be re- 
tained in the substituted ore range from those large enough to 
be readily seen in the field to those so minute that they need the 
microscope for identification. Generally, the larger rock-struc- 
tures in the ore are more readily serviceable for the detection of 
replacement, and the more minute structures approach more 
nearly a positive proof of the molecular nature of the process. 
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But no retention of rock-structure, however minute, can serve to 
distinguish absolutely between molecular replacement and me- 
chanical deposition in small spaces previously formed. The 
microscope does not detect structures which approach the actual 
sizes of molecules. We can therefore only use this criterion as a 
strong indication of the process and must rely on the complete 
crystals mentioned on page 620 for a proof of its ultimate molec- 
ular nature. 

From the evidence afforded by such crystals, where they 
occur as outliers of ore-masses which show other criteria, the 
molecular nature of the process may be inferred for the entire 
mass, and the preservation of structures in the ore-mass as a 
whole may often be carried down to such small microscopic fea- 
tures as to leave little doubt, though not furnishing absolute 
proof, of the molecular interchange of material. 

The rock structures that may be preserved in ore-masses may 
be conveniently grouped as follows: 


Taste A. Rock Structures Retainable in Replacement. 


1. Stratification. 
Cross-bedding. Preserved in ore masses re- 
3: Fossils. placing sedimentary rocks. 
4. Dolomitization rhombs. 

5. Phenocrysts. Preserved in ore masses re- 

6. Vesicular structures. placing igneous rocks. 
Joints and faults. 
Sane 8. Brecciated structures. Preserved in ore masses re- 
etcimnirone 9. Folded structures. placing any rock. 

“| 10, Schistose structures. 


In this table the features characteristic of metamorphic rocks, 
such as schistosity, gneissoid structure, etc., are included, 
although they have seldom been observed,’ because there is every 
reason to believe that they may be more frequently found pre- 
served in ore if careful search is made for them. Their rarity 
is in part due to the resistant nature of the rocks in which they 


*Since the above was written the writer has seen some excellent instances 
of preserved schistosity in some silicified schist from the Garden City district, 
Black Hills, S. D. 
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occur, and the different chemical character of the component 
minerals. Replacement of such rocks is often incomplete and 
results in grains of mineral scattered through the rock which are 
too far apart to show any preservation of original structure. It 
is probable that further study will much increase the number of 
such preserved structures. 

Character of the Ore in which Structures are Preserved—The 
preservation of structures is more perfect in some classes of ore 
than in others. Silica preserves original structures more per- 
fectly than other minerals, and often on so minute a scale that 
the microscope alone can reveal the individual grains of the re- 
placing mineral. An interesting instance is the preservation of 
the minute structure of the wood in silicified trees. In sulphides 
the preservation of structure is not so easy to detect on account 
of the opaque nature of the mineral, and the tendency of the 
component grains to grow by interpenetration among the grains 
of the original rock and thus to obliterate all its more minute 
features. In some cases, however, fossil shells preserved in 
pyrite have been noted, and stratification-planes are often so 
preserved, though usually less perfectly than in ores largely com- 
posed of secondary silica. It is not always easy to determine 
just what causes the retention of the original forms. In the 
case of limestones replaced by silica, it is partly due to the arrange- 
ment of the quartz grains in aggregates of different sizes (see 
Plate XIII.) and partly through the inclusion, by the replacing 
quartz grains, of the original organic impurities of the limestone. 
The foraminiferal test in the upper of the two cuts in Plate XIII. 
shows that the quartz which has replaced the rock has not dis- 
turbed the arrangement of the original particles of foreign 
material but has replaced the calcite about them and left 
them in their original position. In consequence, an examination 
of siliceous ore without the polarizer will show the original out- 
line of a foraminiferal test or dolomite rhomb as determined by 
minute unreplaceable particles of foreign matter, but the polarizer 
shows that the place of the lime has been entirely taken by 
silica. 
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Original Rock Structures. 
Stratification.—All unaltered sedimentary rocks are char- 
acterized by a division into layers or strata, which may vary in 
thickness from the thinness of paper to a hundred feet or more. 

When the beds are of great thickness, no preservation of them 
in an ore-mass is usually noticeable, as the ore-bodies are then 
usually thinner than the individual beds or layers, but when the 
layers are thin they are found frequently preserved in ore-masses. 

As ore-bodies which fill open cavities are often banded, it is 
important not to confuse preserved stratification with banded 
structure. In most cases the distinction is not difficult. Pre- 
served stratification is always comformable to or continuous with 
that of the enclosing rock while banding due to ore deposition is 
often at variance with it. Silicification, for instance, of shaly 
limestone occurs in the Cambrian sediments of the Black Hills 
of South Dakota. The sediments are intersected by minute fis- 
sures, and large masses of ore have been formed by the replace- 
ment of this limestone chiefly by silica and a little pyrite. The 
banding of the original rock extends continuously into and 
through the ore and again into the country-rock beyond, although 
the substance of the rock is entirely altered to ore. In some cases 
this banding is so perfectly preserved that it is impossible to dis- 
tinguish between country-rock and ore except by a slight differ- 
ence in color and the hard brittle nature of the material. Fig. 
78,1 page 546, shows a sketch of a small offshoot in the Dividend 
Mine near Portland, South Dakota, in which this continuity of 
banding is admirably illustrated. 

Plate XII. is a photograph of an ore face in the Delaware Mine 
near Terry, South Dakota, showing the preservation of banding 
in the ore. The boundary between the ore and the adjoining 
rock is usually very sharp and the strata pass uninterruptedly 
across the line of demarcation, being composed on one side en- 
tirely of carbonates and on the other entirely of silica and pyrite. 
As is usual in replacements where the mineral introduced is 
chiefly silica, the structure is more perfectly preserved than in 

*For this figure see Part I of this paper. 
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the case of solid masses of metallic sulphides. The regularity is 
somewhat disturbed by a slight decrease in volume as the ore has 
less volume than the rock replaced and the ore is thus char- 
acterized by a large number of irregular vuggs or cavities which 
are not present in the original rock. The bedding planes are 
even more regular than indicated by the photograph as the broken 
face is irregular and the fore-shortening produced by the per- 
spective of the photograph has produced a wavy appearance that 
does not actually exist in this ore-face. An examination also of 
Fig. 83,1 page 551, and the comparative series of cross-sections 
opp. page 548 (Plate XI.) will give an even better idea of the 
manner in which the bedded structure passes continuously through 
the ore. 

On the other hand banding due to crustification or the deposi- 
tion of ore in layers is usually independent of the rock structure. 
In some cases it will form a lining to the entire open space as 
shown in the lead- and zinc-ores of the Iowa-Wisconsin district. 
Fig. 97 shows this feature. 


Fic. 97. (After Chamberlin, “Geology of Wisconsin,” Vol. IV., p. 467.) 
Cavity formed by solution and afterwards coated with a crustified lining 
of pyrite next the rock and blende attached. The banding of the sulphides 
is independent of the rock structure. 


Smith and Tower cite an instance from the Tintic district in 
Utah where the banding of the ore was discontinuous and un- 
conformable with that of the enclosing limestone: 


1For this figure see Part I of this paper. 
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“In the Eureka Hill mine, 300 foot level, a large cave deposit was 
found, consisting of alternating bands of quartz and cerussite. These 
bands are horizontal and at right angles to the stratification of the 
limestone.” 

In such cases as these, little difficulty will be experienced in 
making the distinction between preserved bedding and ore-band- 
ing, nor has the writer ever observed any instance in which the 
distinction offered any difficulty. , It is conceivable, however, that 
in veins formed by the filling of spaces of separation between 
rock strata, where crustification is parallel with the bedding of 
the enclosing rock, confusion might arise and in such cases some 
other criterion must be sought. 

In using preserved stratification as a criterion, it is important 
to distinguish between preserved bedding planes and residual 
bedding planes. The laminz of sediments may be formed either 
by a difference in the size of the grains composing them or by a 
difference in the chemical composition of the material. In 
the illustration given the difference is one of texture. The 
rock is composed entirely of layers of carbonate of lime and 
magnesia with very small quantities of clayey material. The 
entire rock has therefore been replaced and the bedding planes 
in the ore are a preseryed structure. In many instances 
(very common in the Black Hills, Siliceous Ore districts) 
the rock is made up of alternate lamin of clay shale and 
carbonate of lime and magnesia. The lime has in these cases 
often been extensively replaced but the resistant nature of the 
shales has caused them to remain unaffected in the ore. Such 
persistent layers are most properly termed residual structures. 
Their significance as an indication of replacement is discussed 
under the heading of Unsupported Structures (see page 657). 

In addition to the Black Hills of South Dakota, the retention 
of sedimentary banding in ore-masses has been observed in a 
number of places of which Leadville, Colorado, and Bingham, 
Utah, are interesting examples. 

LEADVILLE.—The sulphide masses of Leadville are composed 


1Tower and Smith, “Geol. and Min. Ind. of the Tintic Dist., Utah.” 
XIX. Ann. Rep., Pt. III, Pl. LXXXIV., U. S. G. S. 
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of pyrite, sphalerite and some galena; chalcopyrite occurs in very 
small amount in the unenriched primary ores. When these ore- 
masses are enclosed in beds of pure limestone uninterrupted by 
any bands of more resistant and unreplaceable shales, the entire 
mass of the rock has often been replaced, and it frequently hap- 
pens that there is in a freshly broken face of ore no evidence of 
banding. If, however, the face has stood exposed for some 
months, so that layers of dust have accumulated on it, the dust 
adheres to the sulphides which have replaced one layer in a 
slightly different manner than to those which have replaced the 
next adjoining layer. This is probably due to a slightly different 
arrangement of mineral grains in the ore produced by the varying 
susceptibility of the different layers to replacement, and preserves 
in a faint, but suggestive manner the original banding of the 
sediments. Mr. S. F. Emmons! in discussing the origin of these 
sulphide masses says: 

“In the great bodies of the A. Y., Minnie, and adjoining mines, not 
only could every detail of the granular structure, joints and cleavage 
of the original limestcne be detected at times in the sulphide ore, but 
even the cracks in the top. In abandoned drifts where limestone dust 
had accumulated on the walls, one would have supposed the walls to be 
all limestone until the breaking off of a fresh fragment by the hammer 
showed the metallic gleam beneath.” 

In Tintic, Utah, Tower and Smith describe the ore-bodies of 
some of the mines as showing the structural features of the lime- 
stone, but they do not say that the bedding of the stratified rocks 
has been preserved. 

BincHAM, Utau.—The large copper shoots which occur in 
limestone at Bingham, Utah, and which are shown in plan in Fig. 
98, show a remarkable preservation of the stratification of the 
country-rock. This is one of the most perfect instances of the 
preservation of sedimentary banding in pyrite. The layers are 
perceptible in the solid ore and the continuity with the bands in 
the adjoining rock is striking. These ore-bodies are thus de- 
scribed by Boutwell.? 


1S. F. Emmons, T. A. J. M. E., Vol. XXIIL, p. 602. 
* Boutwell, U. S. G. S. Prof. paper No. 38, page 193. 
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(In the original plate mine workings are shown and stopes are 1M outine. 


the enclosing rock in the ore. 


are represented in solid black and the mine workings omitted.) 
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“As was stated in the description of the structure of the copper 
chutes (p. 155), the broad characteristic of this structure is banding. 
This banding is not like the crustified or even the roughly banded struc- 
ture of the lodes, but is a bedding which in form is identical with the 
bedding of strata. The chief difference is in composition, these beds 
being composed of ore instead of limestone or quartzite. Bedded struc- 
ture characterizes alike miniature ore bodies, mineralized wall rock 
adjacent to seams, and large lenticular ore shoots. Thus mineraliza- 
tion adjacent to fissures in limestone took place along beds. Further, 
the marked deposition of ore along certain beds, and the slight deposi- 
tion along others, appear to indicate a selective tendency on the part 
of mineral in solution for more soluble beds. Similarly, in small shoots 
the massive structure is a bedding of massive ore which is more exten- 
sive in some beds than in others. Finally, the immense lenses of 
cupriferous pyrite, e. g., those in the Highland Boy, exhibit the same 
massive bedded structure. This selective action leads to a very irregu- 
lar periphery. The transition from massive, solid ore to barren country 
on the periphery is not sharp, as in the case of the iodes, where the 
transition from the rich bands to barren wall rock is well defined. On 
the contrary, it is gradual, passing from the bed of rich copper sulphide 
through lean copper ore, still poorer ore, merely stained country, to 
normal, barren, marble country. Although the composition changes 
from ore to barren country rock, the structure is persistent, so that a 
bed of ore is clearly seen to be a portion of the same bed of country 
rock; in other words the ore has retained the bedded structure of its 
country rock. 

“The foregoing general examination of the copper ore in limestone 
indicates that the copper shoots in limestone have a bedded structure, 
and that the bedding corresponds to the stratification. of the country. 
These features are generally considered to signify in a broad way that: 
the ore has taken place of the country rock by substitution. They are: 
characteristic of ‘replacement’ deposits, and accordingly suggest that 
the copper deposits in limestone were formed by replacement.” 


Cross-bedding.—So far as the writer has observed or been 
able to discover in the literature of the subject, no cross-bedded 
structures are known to have been preserved in replacement ore- 
bodies; but there is little doubt that such structures will be found. 
if a careful search is made for them in ore-masses which occur 
in cross-bedded rocks. 

Fossils —The true nature of molecular replacement was first 
recognized in the study of fossils in which the substance of the 


ie 
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original shell was altered but the form preserved. In the early 
history of the study the process of replacement of fossils was 
termed petrefaction, and considerable attention was given to it. 

In his text-book of geology Geikie describes the process in the 
following words 


“The original substance is molecularly replaced by mineral matter 
with partial or entire preservation of original structure. This is the 
only true petrifaction. The process consists in the abstraction of the 
organic substances, molecule by molecule, and their replacement by 
precipitated mineral matter. So gradual and thorough has this inter- 
change often been, that the minutest structure of plant and animal have 
been perfectly preserved. Silicified wood is a familiar example.” 


He then quotes the following passage from Roth.” 


“The chief substance which has replaced organic forms in rock 
formations is calcite, either crystalline or in an amorphous granular 
condition. In assuming a crystalline (or fibrous) form this mineral has 
often observed a symmetrical grouping of its component individuals, 
these being usually placed with their long axes perpendicular to the sur- 
face of an organism. In many cases among invertebrate remains the 
calcite now visible is pseudomorphous after aragonite (p. 166). Next in 
abundance as a petrifying medium is silica, most commonly in the col- 
loid form (calcedony, opal), but also as quartz. It is specially frequent 
in some limestones, as chert and flint, replacing the carbonate of lime 
in molluscs, echinoderms, corals, etc. It also occurs in irregular aggre- 
gates in which organisms are sometimes beautifully preserved. It forms 
a frequent material for the petrifaction of fossil wood. Silicification, 
or the replacement of organisms by silica, is the process by which minute 
organic structures have been most perfectly preserved. In a microscopic 
section of silicified wood, the organization of the original plant may be as 
distinct as in the section of any modern tree. Pyrites and marcasite 
are common replacing minerals, especially in argillaceous deposits, as, 
for example, among the clays of Jurassic and Cretaceous formations. 
Siderite has played a similar part among the ironstones of the coal- 
measures, where shells (Anthracosia, etc.) and plants have been re- 
placed by it. Many other minerals are occasionally found to have been 
substituted for the original substance of organic remains. Among these 
may be mentioned glauconite (replacing or filling foraminifera), vivia- 
nite (specially frequent as a coating on the weathered surface of scales 


*“Text-Book of Geology,” Ist ed., p. 610. 
? Roth, “ Chem. Geol.,” I, p. 605. 
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and bones), barytes, celestine, gypsum, talc, lead-sulphate, carbonate and 
sulphide, ‘copper-sulphide and native copper, haematite and limonite, 
zinc-carbonate and sulphide, cinnabar, sulphur, fluorite, phosphorite.” 


This and other similar passages will show how clearly the early 
geologists appreciated the distinction between preservation of 
internal structures and the filling of moulds left by the solution 
of a shell and the later filling of the opening. 

Posepny describes an occurrence from Freihung in the Ba- 
varian Upper Palatinate, which admirably illustrates this point.1 


“T was struck with the numerous specimens of tree stems changed 
to galena; and coming subsequently into possession of such a specimen 
I had a polished section prepared from it. The pieces of these stems 
exhibited are about 20 centimeters (8 inches) long and elliptical in 
section, say 5 to 7 by Io to I5 centimeters (2 to 3 by 4 to 6 inches). 
The fiber and the annual rings could be recognized on the surface of 
fractures, but were extremely plain in polished section. Indeed they 
were indicated by the cleavage of the specimens. I have thin slivers, 
2 to 4 mm. (.08 to 0.16 in.) in diameter and several centimeters long, 
representing the fibers of the original wood. The former bark is re- 
placed by a zone of first pyrites, and then quartz grains cemented with 
pyrite. I do not know that the determination of the species of the wood 
has been attempted, but I think it should be approximately practicable. 
Fig. 99 is a diagram of the section of such a stem altered to galena.” 


Fic. 99. Section of a tree-stem replaced with Galena, Freihung, Upper 
Palatinate, Bavaria. Shows annular rings of growth preservedinore. (After 
Posepny, 7. A. J. M. E., Vol. XXIIL., pp. 366, Fig. 84.) 


In using fossils, altered into ore as a criterion, distinction 
between solution and deposition and replacement is particularly 
important. In the case of larger structures, this is not difficult. 
For more minute textural features, the characteristic structure of 
a fossil may be readily determined with the microscope by one 
familiar with the internal structure of calcareous organisms. 
For those who lack such knowledge, and in cases where the 


1“ The Genesis of Ore Deposits,” T. A. J. M. E., Vol. XXIII, p. 314. 
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replacing mineral is opaque, like sulphides, a more satisfactory 
distinction is necessary. 

This may often be found in the position occupied by the in- 
cluded fragments of unreplaced rock. In some animals, the origi- 
nal shells, or sept of the original shells, include spaces which are 
whclly or almost wholly enclosed by shell walls. Where such shell 
walls are changed into a different material, possibly on account of 
the superior solubility of the shell material over that of the sur- 
rounding and included rock, it is obvious that such a mass of 
new mineral could not have formed by solution and redeposition, 
for the solution of the surrounding septum would have removed 
the support from the enclosed kernel so that it would come in 
contact with the outside rock mass at some point. 


Fic. 100. Diagram to show manner in which cast may be distinguished 
from replacement in case of fossils altered to ore. K=kernel; K’=posi- 
tion of kernel when shell septum is dissolved out of the rock. 


Fig. 100 shows this diagrammatically. If the surrounding shell 
mass in I is dissolved the kernel K will fall to the position K’ and 
mineral matter introduced in solution will fill the empty space, 
leaving an imperfect area of mineral at the point of contact f. 
If on the other hand the new mineral mass is complete it is obvi- 
ous that the supporting material has at no time been removed and 
that the process has therefore been one of gradual replacement. 
No confusion arises if the shell is hollow and contains no 
central kernel of rock, as the space is then completely filled 
with new mineral and does not form a shell around a central 
core. Fossils therefore whose septe have been completely pre- 
served will often serve as indications of metasomatic processes. 

An additional proof of replacement is furnished when fossils 
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PLate XIII. Thin section of silicified limestone, showing outline of forami- 
niferal test (Loftusia). Upper section is with ordinary light, lower with 
polarized light. (After Turner.) 
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have been more resistant than the surrounding rocks, so that the 
rock has been completely changed to ore and the fossil itself 
left unaffected. Spurr describes an instance of this kind from 
Aspen as follows 


“A further evidence of this process of replacement is the finding 
of fossils which are completely interbedded in the ore, or have been 
so changed as to form a part of the ore. Fig. 11 shows a mass of 
pure native silver, just as it was taken from the ore at the sampler in 
Aspen. In this silver part of a perfect fossil gasteropod is firmly em- 
bedded, and it is somewhat remarkable that the shell is still made up of 
the aragonite of which it was originally composed.” 


It is evident that fossils left in the midst of ore in this way 
could not have been left unsupported as would have been the 
case if the rock had first been dissolved away and ore introduced 
into the surrounding space. The fossil would then have fallen 
to the bottom of the cavity. The same argument applies when 
the fossil has been completely changed to ore provided it is sur- 
rounded by ore of the same character and none of the original 
rock-substance is left to support it. 

In addition to the larger fossils altered to ore, such as may be 
readily observed in the field, minute microscopic fossils have been 
retained also. One of the most interesting cases of this kind is 
described by Turner? from the Diadem lode, Meadow Valley, 
California. 


“A certain portion of the lode is composed of little elliptical bodies 
which, according to Mr. Charles Schuchert of the U. S. National Mu- 
seum, represent the silicified tests of foraminifera of Carboniferous age 
belonging to the genus Loftusia. The shells of Loftusia were originally 
carbonate of lime.” 


Plate XIII. is reproduced from this article of Mr. Turner and 
shows the foraminiferal test clearly outlined without the polarizer 
in the upper slide, the outline seemingly preserved by the unre- 
placeable impurities of the original rock which have not been 
moved from or disturbed in their original arrangement by the 


*Spurr, Mon. XXXI., U. S. G. S., pp. 233-234. 
* Journal of Geology, Vol. VII., No. 4. 
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alteration of the mass from carbonate of lime to silica. The 
second figure is the same with the polarizer applied and shows 
that the rock is entirely made up of an aggregate of grains of 
secondary quartz. The different character of the lime carbonate 
within the fossil resulted in a slightly finer grained aggregate 
within than without the shell; but the perfect preservation of 
form is indicated rather by the disposition of the opaque in- 
clusions. 

Instances in which fossils have been altered into ore by re- 
placement are so numerous that to cite each case is unnecessary. 

Rhombic Crystalline Structure of Dolomite—A few sedi- 
mentary rocks only are composed of grains which are distinctly 
characteristic. In general the grains of sediments are distin- 
guishable as such by their water-worn form only in the coarser 
varieties of rock such as conglomerates, and these are com- 
posed of pebbles of extremely resistant material, such as quartz, 
quartzite, etc., which resist complete replacement better than 
the more soluble carbonates. Of the carbonates, the dolomites 
frequently show a partly crystalline structure, so that under 
the microscope they are seen to be composed of aggregates of 
minute rhombic crystals. Plate XIV., taken from a specimen of 
shaly dolomite which frequently forms the country-rock of the 
siliceous ore in the Black Hills of South Dakota, shows a well- 
developed rhombic structure. Such a structure is a striking 
characteristic of many dolomitized limestones. An excellent 
figure of one of them is shown by Harker from an English 
locality. 

Rhombic structure of this kind is sometimes perfectly pre- 
served in highly siliceous ores, so that at first glance with a 
microscope, it is difficult to detect the difference between the thin 
section of ore and one cut from the original rock. An instance 
of this kind, observed by the writer from the siliceous ore-bodies 
of the Black Hills, is shown in Plate XV. 

In Cut A, the ore is shown in ordinary light and the sharp out- 
lines of the rhombohedral crystals of dolomite are extremely 
clear. In Cut B, the same section is shown in polarized light, so 


‘Harker, “Petrology for Students,” p. 261. 
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PLate XIV. Shaly dolomite showing rhombic crystals of dolomite which 
constitute the rock and are shown preserved in siliceous ore in Plate XV. 
A higher power objective is used in this cut than in Plate XV, so that the 
thombs look larger in this figure. (After U. S. G. S. Prof. paper 26.) 
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that the individual grains of quartz of which the rock is now 
composed are made evident. The entire rock-mass with the 
exception of the impurities in the original dolomite has been 
changed to silica and yet the discoloration due to these minute 
impurities has sufficed to perfectly preserve the original structure. 

Phenocrysts——In igneous rocks the constituent grains possess 
characteristic forms only when crystal boundaries have been 
more or less completely developed. The phenocrysts of the 
porphyritic rocks and especially the feldspars are among the most 
typical features of some igneous rocks. When such rocks are 
completely altered by replacement the original form of the 
phenocrysts is often perfectly preserved. Little or no confusion 
of phenocrysts with minerals developed during ore-forming 
processes can occur, since both orthoclase and plagioclase feld- 
spars rarely develop as the result of ore-deposition. The writer 
has seen porphyries which have been completely altered to silica ; 
but the silica which has taken the place of the phenocrysts is 
slightly different in color and arrangement from that which has 
replaced the ground-mass, so that the outlines of what were once 
feldspar crystals can be clearly discerned in the siliceous mass. 
Phenocrysts are often thus preserved when the replacing mineral 
is silica; but no instances are known to me in which replacement 
by sulphide or metallic ore minerals has resulted in their preser- 
vation. 

It is important to avoid confusing the preservation of the form 
of phenocrysts in an ore-mass with ordinary pseudomorphs after 
phenocrysts. Thus in the tin ores of Cornwall cassiterite has 
presumably replaced the large orthoclase crystals of the granite 
and perfect crystals of cassiterite after orthoclase, 7. e., having 
the form of the orthoclase crystals, are found. 

Although it is probable that these have been formed by the 
replacement of the orthoclase, the process cannot be inferred from 
the cassiterite pseudomorphs, for there is nothing in the ordinary! 
type of pseudomorphism that will serve as a positive proof of re- 


* By the “ordinary” type of pseudomorphism I mean that type of pseudo- 
morphism by virtue of which one mineral appears in the crystal form of 
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placement. It is conceivable that these feldspar phenocrysts may 
have been dissolved out of the granite by vapours charged with 
fluorine, and the space later filled with cassiterite. The form of 
the feldspar crystals would then have been assumed by the tin- 
ore, and no replacement need have occurred. 


Secondary Rock Structures. 


Structures developed in rocks by stress and rupture are often 
perfectly preserved in ore-bodies. Only a few such have been 
observed so far; but probably further investigation of replace- 


Fic. tor. Fault preserved in ore body. Ore body itself not faulted and 
hence formed after faulting. 


ment-masses will add greatly to the number. To this class 
belong faults, joints, brecciated structure and folds, together with 
metamorphic results such as gneissoid structure and schistosity. 
Only the first three—joints, faults, and brecciated structure,— 
have so far come within my observation or reading.! All of 


another. There is no doubt in my mind that such pseudomorphs have fre- 

quently been formed by metasomatic processes, but I so far disagree with pre- 

vious writers as to believe that the appearance of one mineral in the crystal 

form of another affords no proof of the action of such a process, unless the 

new and the old mineral contain some common element and thus indicate 

chemical change rather than solution and subsequent mechanical deposition. 
*See note at foot of page 628. 
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these may be developed in ore-bodies after their formation; so 
that at first one might expect some confusion to arise, in using 
them as criteria for the indication of replacement. It is gen- 
erally possible, however, to follow them from the adjoining 
country rock into the ore? or to detect some feature about their 
occurrence which will readily determine whether they were 
present before the ore-deposition or were produced afterwards. 
Faults—Small faults often intersect rock-masses in which 
mineralization occurs. If the original rock possesses sufficient 
textural variation, such as banding, offsets in the layers or other 


Fic. 102. Ore body faulted and hence formed before the faulting occurred. 
(After Blow, T. A. J. M. E., Vol. XVIII.) 


structures on the two sides of the crack can usually be detected. 
Mineralizing waters which have gained access through such 
minute faults have often produced ore-bodies by replacement on 
either side of the fissure. Fig. 101 shows a case from one of the 
mines of siliceous ore near Portland, South Dakota, where the 
offset caused by a small fault is preserved in the ore-mass. In 
this case the ore was evidently introduced after the fault structure 
was developed, since it is not itself affected by the displacement. 
Moreover, the ore-mass passes from one side to the other of the 
former fissure without interruption. Fig. 102 shows the reverse 
condition, where an ore-body is itself displaced along a fracture. 

Joints.—Joints or intersecting fractures have frequently been 
preserved in ore-masses. Such jointing is distinguished from 
fissuring, described in the previous paragraph by the greater 


*See page 647, intersection of rock structures. 
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number of cracks, their occurrence at angles to each other, and 
the general absence of appreciable displacement along any single 
crack. With increase in the number of fractures, they grade into 
a brecciated structure, but may be distinguished from it by the 
fact that in intersecting joints or stockworks the blocks of rock 
between the fissures have not been appreciably moved from their 
original position, so that banding and other textural peculiarities 
of the rock pass uninterruptedly across the bounding fissures 
from one fragment to another. In breccias, on the other hand, 
the rock-fragments have been disturbed by the movement, are 
set at all angles to each other, and frequently lie at considerable 
distances from the places they originally occupied. 

Intersecting joints are preserved in two different ways. 
(1) By replacement which has first filled any open space and 
later proceeded outwards from the crack and replaced the in- 
cluded fragments. (2) By the replacement of infiltrated rock 
material which has filled the cracks before the ore was deposited. 

In the former case, rock-structures, if any be present, can be 
traced across from one fragment to the other, although the ma- 
terial is now all ore. It is obvious that such a structure could 
be produced by the shattering of both ore and enclosing rock at 
the same time and that, without some other evidence, it affords 
no proof of replacement. It usually happens, however, that near 
the edge of an ore-body fragments have been only partly replaced, 
so that central cores of original material remain. The original 
outline of the block is then angular, and may be often readily 
discerned in the ore-mass, while the unreplaced core is generally 
bounded by a wavy, rounded line of demarcation between ore 
and country-rock, which bears only a rough parallelism to the 
outér and angular outline of the block. 

Fig. 103 will illustrate this point. It is here evident that the 
mineralization has occurred later than the fracturing, and the 
jointed structure indicates that the process has been so gradual as 
not to disturb this original structure. Like other larger struc- 
tural features preserved in ore-masses, however, this is an indica- 
tion of replacement but not a decisive proof that the process has 
been molecular. 
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In the second type of preserved joints the cracks have been 
sealed up or filled prior to ore-deposition and the mass as a whole 
has been changed into ore. In such cases the material filling 
the cracks in the original rock will extend up to the ore-mass, 
and the ore itself will squarely intersect both filling and the 


Fic. 103. Jointed structure preserved in ore. A, A, Ad =unreplaced cores 
of country rock, 


included blocks. The outline of the blocks will be preserved by 
some slight difference in arrangement between the mineral grains 
of the ore which has replaced the filling and that which has 
replaced the included block. 

In rare instances intersecting fissures in original rock-masses 
have been filled before ore-deposition with material more easily 
replaced than the country rock which they intersect, so that 
replacement affects this material and leaves the included blocks 
untouched. An instance of this kind is described by Posepny? 
from the jointed limestone masses at Raibl, Carinthia, in which 
lime partitions have been changed to calamine. These occur- 
rences are interesting; but from the description given it is not 
evident that the calcite filling the cracks in the original rock was 
not first removed in solution, calamine being later introduced; 
and, in my opinion, no definite evidence can be secured from this 
occurrence. 

Brecciated Structures.—Brecciated structures differ only in 
degree from intersecting joints. When they occur in insoluble 


*T. A. I. M. E., Vol. XXIII, p. 318. 
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or comparatively resistant rocks like granite, gneiss and quart- 
zite, the openings developed between the fragments are generally 
not again completely closed up and mineralization usually begins 
by impregnation, or the filling of the minute cavities. Replace- 
ment of the entire mass may follow; but the structural features, 
form of fragments, etc., are not often preserved so that they can 
be readily recognized, because the replacing minerals are likely 
to be opaque such as sulphides or other metallic compounds, 
which show the outlines of original rock-structures very imper- 
fectly, if at all. Unaltered cores in larger fragments may be sig- 
nificant ; but, since the original outline of the fragment is rarely 
preserved by these minerals, their relation to the cores cannot be 
determined and the criterion is not decisive. 

Limestones replaced by silica present a different case. Often 
large areas of limestone have been brecciated and re-cemented by 
later calcite, so as to leave in them no appreciable open space. 
Breccias of this kind are sometimes replaced by silica, the char- 
acteristic structure being retained. An instance occurs in the 
carboniferous limestones near Ragged Top mountain in the 
Black Hills of South Dakota. On the north side of the moun- 
tain are vertical fissures, from which solutions containing silica 
and considerable gold have replaced the limestones for distances 
of 10, 20 or 30 ft. The brecciated fragments are perfectly out- 
lined in the ore, together with the banded structure which crosses 
them at varying angles. The boundary between ore and frag- 
ments is extremely sharp, the material on one side being limestone, 
and on the other silica. All the structural peculiarities of the 
limestone remain; and ore and rock is so nearly alike in appear- 
ance that only the greater hardness and the slightly darker color 
of the ore distinguish it from the adjacent limestones. The 
fragments are often crossed by the boundary of the ore so that 
they are composed half of rock and half of ore. The ore in these 
occurrences often contains from 90 to 99 per cent. silica. The 


following analysis of ore will show how completely the limestone 
has been replaced : 
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100.12 


Fig. 76! is a sketch of the edge of one of these occurrences. 

On the south side of the mountain similar ore-bodies occur; 
but the replacing material here is a dark gray mixture of silica 
and purple fluorite. 


INTERSECTION OF ROCK STRUCTURES. 


As already remarked, replacement ore-masses either pass 
gradually into country-rock or cease abruptly at a sharp line of 
demarcation. When the change is gradual, little can be learned 
from the intersection of structures, and other criteria must be 
sought; but when the passage is sudden another and valuable 
indication of replacement is available. Sharp boundaries of this 
kind are shown in Fig. 77.1 

In such cases, all the structures discussed above will then 
be abruptly cut off by the line of intersection. If the struc- 
tures are also preserved in the ore, fossils, as described by 
Spurr,? stratification-planes, breccia-fragments partially altered 
into ore continue uninterruptedly from country-rock across 
the boundary into and (in the case of bedding-planes) through 


*For this figure see Part I of this paper. 
*Mon, XXXI., p. 233. 
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the ore into country-rock on the other side. Instances of this 
kind are illustrated on pages 545 and 546. The fact that these 
structures are partly ore and partly rock proves beyond peradven- 
ture that the ores have been produced by a process of substitution 
such that no disturbance of original form has occurred. The 
deposition of the ore in an open cavity is shown to be an im- 
possibility. 

If the ore is composed of sulphides or other opaque minerals, 
the continuity of rock-structure is not noticeable, as the struc- 
tural features are rarely perceptible in the ore itself. In that 
case, illustrated in some portions of the Leadville ore-masses, the 
passage of the ore across the original rock-structure in a smooth 
and rounded line (see Fig. 75', page 544), shows that it has 
not been deposited in spaces of discission or rupture. The 
saine thing is shown by many other criteria, such as irregularity 
of form, etc. The only two possible means by which an inter- 
section of structure such as this can have been produced are 
replacement or deposition in a cavity caused by solution. Con- 
sidered alone, with opaque ores such intersections have no de- 
cisive significance, as they can easily be explained in either way, 
but considered in connection with those criteria which show that 
the ore-body in question has filled neither a space of discission 
nor one of solution, they will serve as a useful distinction between 
masses of sulphides which have segregated from magmas, and 
those which have been formed by later replacement. 


ABSENCE OF CONCAVE SURFACES. 

It rarely happens that ore-bodies formed by replacement are 
confounded with those which have filled openings caused by 
fissuring or the rupture of rock-masses, and termed by Posepny 
spaces of discission. The edges of cavities of this kind are often 
jagged, and the forces which produce them cannot in any case 
give rise to spaces which possess the extremely irregular 
boundaries of many replacement ore-bodies. But with regard 
to open spaces formed by the solution of the country-rock, 
whatever its lithologic character, and to the later formation 


*For this figure see Part V. of this paper. 
A. I. M. E., Vol. XXIII, p. 208. 
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of ore-masses by deposition in them, there is sometimes diffi- 
culty in making the distinction. When the line of demarca- 
tion between ore and country-rock is sharp and the transition 
abrupt, some light is thrown on the matter by the nature of 
solution-surfaces. In any limestone region, but especially in the 
East, where atmospheric waters are heavily charged with acids, 
this rock suffers greater erosion by solution than by mechanical 
disintegration. In almost any limestone outcrop in the Eastern 
States, or in the surfaces of fragments long exposed, the rock 
is pitted by concave depressions, usually of greater diameter 
than depth, between which the separating ridges are often 
sharp, though sometimes slightly rounded. So common a fea- 
ture of limestones exposed to atmospheric agencies is this that 
one comes to make unconscious use of it in the rapid recogni- 
tion of limestone outcrops. In limestone caverns the same thing 
is observable, though often obscured by the enlargement of a 
cavern through the falling in of portions of the roof. In all cases 
of the solution of large caves in limestone such concave surfaces 
are noticeable. That cavities may be formed by solution in which 
this feature is not readily distinguishable must be admitted ; but if 
an opening shows them as one of its striking characteristics it 
would be most reasonable to attribute it to solution. An ad- 
mirable illustration of this form of solution-surface is shown by 
Ransome in the gypsum bodies in the Enterprise mine at New- 
man Hill, Rico, Colorado. A careful examination of any lime- 
stone caverns will, I think, convince the reader of the preponder- 
ance of such concave surfaces. 

Replacement ore-bodies rarely (so far as my observations 
go), show such intersecting concave surfaces. Fig. 104 shows 


, FIG. 104. 


FIG. 105. 


Fic. 104. Concave depressions produced by solution. 
Fic. 105. Concave-convex surfaces produced by replacement. 
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a concave surface produced by solution. Fig. 105 shows the 
characteristic type of boundary between ore and rock in a re- 
placement-mass. 

Concave surfaces of this kind are chiefly confined to limestone; 
but in the open caverns believed to have been produced by 
solutions in the quartzite of the American Nettie mine, near 
Ouray, Colorado, they may be also observed. 


CRUSTIFICATION, 


In many epigenetic deposits formed in open spaces, the 
minerals, whether metalliferous or non-metalliferous, are de- 
posited in successive layers on the walls of the space. Changes 
in the character of solutions, or fractional precipitation from a 
single solution, have caused unlike layers to be deposited upon 
one another. 

In the most perfect instances the form of the wall-rock side of 
each layer is determined by the surface upon which it is de- 
posited; but the upper surface facing the empty space, being 
free to develop, exhibits crystalline faces of the component 
minerals. We may thus find a succession of mineral crusts, 
xenomorphic on the wall-rock side and crystalline on the inner 
or empty-space side. The successive crusts cover both walls 
and all fragments of rock within the cavity. When the open 
space is completely filled, the two corresponding innermost crusts 
come in contact and a perfect crustified deposit is formed. If 
the process is arrested before completion, or if widenings of the 
opening cause its incomplete filling, the innermost surfaces of the 
latest crust will be covered with druses of crystals which project 
into the central opening or vugg. Mineral crusts of this kind 
vary a little in thickness, but in general they show a remarkable 
uniformity, and, of course, faithfully follow the contour of the 
surface on which they are deposited. A typical instance of 
crustification is shown in Fig. 69C.2 

In fissure-veins, this arrangement is often termed “ comb- 
structure,” by reason of the frequent occurrence of quartz 


‘For this figure see Part I. of this paper. 
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crystals with their longer or ¢ axes perpendicular to the surface 
of the opening. But it is not characteristic of fissure veins alone. 
Wherever ores develop in open spaces, it is likely to appear. 
The layers are never formed by replacement, though they are 
sometimes confounded with banding produced in that way. 

Of all the writers on ore-deposits, Posepny was probably most 
strongly impressed with the significance of these layers and to 
him we owe the term crustification proposed to describe them. 
The following passage will serve to illustrate the importance 
which he ascribed to them.* 

“With regard to the filling, I observe, first, that the mineral deposits 
upon the walls of cavities, from liquids circulating within them, usually 
have a characteristic structure, for which I propose the name “ Crusti- 
fication,” as a companion to “ Stratification.” . . . Most frequently min- 
eral crusts occur concentrically in regular succession and fill the whole 
cavity (except the central druse), thus forming a symmetrical crustifica- 
tion. They cover, however, not only the cavity-walls, but the surface of 
every foreign body in the cavity, thus forming crusted kernels which 
greatly complicate the phenomenon. ... As a general rule, however, 
crustification is a characteristic feature of cavity-filling.” 

Both Church® and Becker* have objected to the emphasis laid 
by Posepny upon crustification as a means of diagnosis of cavity- 
filling, because, as they assert, it may be so exactly simulated by 
metasomatic processes that one cannot be certain of the origin of 
the structure. It seems to me that this difficulty disappears upon 
careful examination; and I am therefore heartily in accord with 
Professor Posepny as to the utility of this criterion. Moreover, 
I think this difference of opinion has arisen from an inadequate 
conception of the exact nature of crustification, and inexact 
statements of the conditions under which it may be recognized— 
and also, as I venture to add, from the attempt of Professor 
Posepny to detect evidences of “crustification” in the descrip- 
tions by others of ore-deposits which he had not personally seen. 

Crustification is characteristic of many cavity-fillings, but not 

* The italics are mine—J. D. I. 


*T. A. I. M. E., Vol. XXIII, p. 596. 
*T. A.I. M. E., Vol. XXIIL, p. 603. 
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of all. Many fissure-veins are completely filled with minerals, 
for instance with galena, in which no deposition in layers is dis- 
cernible, although from the angular surfaces of the walls and the 
manner in which their inequalities fit into one another, cannot 
be explained except as indicating the filling of cavities. Lentic- 
ular masses of quartz in schist, and similar types of vein ma- 
terial, frequently show no crustification. In this latter case it is 
improbable that cavities stood open at the time of the intro- 
duction of the quartz or other mineral into them; but it seems 
likely that they represent the loci of minimum strain and that 
solutions under considerable pressure deposited mineral matter 
in them, pari passu with their formation. They are therefore 
not characterized by crustification, nor were they formed by 
replacement. Hence I believe that crustification (1. e., the true 
crustification described below), if present, is a definite evidence 
of the formation of ores in an open cavity—but that its absence 
by no means proves the formation of a deposit by replacement. 
If a deposit is truly crustified, it may safely be regarded as a 
cavity-filling ; if it is not crustified, other criteria must be applied. 
True crustification may not be, in all cases, distinguishable from 
banding produced by other causes; but the exceptions are not 
frequent. 

In layers of mineral deposited on the walls of an opening, each 
crust may have a crystalline druse on one side and be adjusted 
to the form of the underlying crystalline druse or the irregulari- 
ties of the wall-rock on the other. Such relations are not, so far 
as I know, observed in metasomatic deposits. Crystalline druses 
occur in metasomatic deposits; but they almost invariably line 
shrinkage openings, caused by the decrease in volume of the origi- 
nal rock during transformation. On the side of the rock, the ex- 
tremities of the crystals never rest upon the upper crystalline sur- 
face of layers below, but always interlock with the grains of 
similar metasomatic mineral composing the ore. Indeed it is often 
possible, in this way, to distinguish minerals which have been 
deposited in these shrinkage openings from metasomatic minerals, 
by the relation of their lower surfaces. It often happens that 
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shrinkage openings are filled, either with the material dissolved 
from the country-rock during the process of replacement, or with 
minerals actually deposited by the ore-bearing solutions. Such 
minerals either form well-defined crystal faces on their upper 
surfaces with no faces on their lower, or completely fill the 
opening and have their form entirely determined by the crys- 
talline druse lining the cavity. Calcite, jarosite and fluorite 
occur in this relation in the Black Hills siliceous ores. They 
are cavity-fillings, just as truly as those which occur in any 
pre-existing opening. 

In many cases, the crustification in a cavity-filling is imperfect 
—that is, the periods of precipitation of the different crusts have 
so overlapped that, instead of each resting upon the crystalline 
surface of the next below, the minerals are intermingled at the 
junction, and are consequently more or less xenomorphic in their 
boundaries. This is particularly common in banded veins of 
sulphides, where fractional precipitation has so commonly taken 
part in the origin of the layers. In such cases, the discordance 
of the layers with the stratification of the enclosing rock will 
show that they do not represent sedimentary banding (see Fig. 
97, page 631), while the preservation of a regular order of suc- 
cession about included rock-fragments, or the existence of 
angular druses in spaces between fragments, will serve to dis-~ 
tinguish them. 

The most difficult cases to distinguish are those of replacement- 
veins and filled fissures. Lode fissures often consist of a multi- 
tude of minute fault-fissures, extending over a width of 5 or 10 
ft., or more, in other words, of sheeted zones. In these, the space 
for actual filling has been very small, and the ore-bodies have 
been formed by the replacement of the plates of rock which lie 
between the fissures. The mineral formed by the replacement 
of rock from one fissure will then usually coalesce eventually with 
that arising from the next adjoining fissure and the arrangement 
and material may be slightly different in the two cases, so that, 
when the process is complete, there will be bands of replacement- 
mineral simulating with extreme closeness the imperfectly de- 
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veloped crustification arising from fractional precipitation in a 
cavity. In difficult problems of this kind, search should be made 
in the vein for angular fragments of included rock which have 
been incompletely replaced. If such fragments show a perfect 
angular form underlying the outermost mineral crust, even 
though they may be almost completely altered by vein-forming 
waters, they will suffice to show that the crusts were formed in 
an open cavity. 

The phenomena of crustification may be recognized even in 
microscopic characters. Lindgren! has described such an in- 
stance from Cripple Creek, where spaces of dissolution in 
granite are shown to have been filled by a crustified lining of 
quartz. 

UNSUPPORTED STRUCTURES. 


Residual Nuclei.—In nearly every ore-body formed by replace- 
ment there may be irregular masses or “islands” of country- 
rock which have escaped mineralization, and these may be of the 
rock which encloses the ore-body, or of a different rock,—such 
as porphyry intrusions, shale bands, grains of insoluble mineral, 
etc., which were present in the country-rock prior to mineraliza- 
tion. In the first instance they have remained unaffected, either 
because the channels of access are so distributed as to render 
them less easily accessible, or because some seemingly fortuitous 
causes have diverted the flow of mineralizers in other directions; 
in the second because their relatively resistant chemical nature 
has prevented their mineralization. In many cases these masses 
or “islands” are supported, 7. ¢e., connected with the country-rock 
above and below or to one side and then furnish no serviceable 
indication of the action of replacement. Such instances may be 
seen in the plans of ore-shoots on Plate X.? and are noticeable in 
nearly every underground map of a replacement ore-mass. 

In other cases not only the country-rock on all sides but also 
that above and below the mass, has been replaced, so that the 
area of unmineralized rock is completely separated by the sur- 


2¥For this plate see Part I. of this paper. 
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rounding ore from the mother rock of which it was once a part. 

It is obvious that in any open space, whether chemically or 
mechanically formed, masses of rock could not have remained 
suspended in mid-air until such time as ore was introduced to 
afford them a means of support. Molecular replacement only, by 
the gradual nature of its progression, offers a complete ex- 
planation of these masses. The hypothesis that solution and 


Section onC D Section onAB 


Fic. 106. Diagrammatic sections of hypothetical ore body in limestone beds 
with completely unsupported nuclei of original rock entirely enclosed in ore. 
Stratification of the Islands shows that the limestone masses have not been 
removed from their original position. 


redeposition caused them, would involve the widespread solu- 
tion of small cavities and their subsequent filling, then a new 
solution of more cavities and more filling, and so on, until the 
entire mass of rock was changed into ore. The process of solu- 
tion must always have been arrested just short of the removal of 
adequate support and remained in abeyance until sufficient ore 
had been introduced to allow the safe removal of more rock. 
Furthermore, with each renewal of deposition the character of 
depositing solutions must have been of the same chemical nature. 
While such a careful observance of structural safety would be a 
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sine qua non to an architect or engineer it is difficult to believe 
that it can reasonably be attributed to mineralizing solutions. 

Under these circumstances unsupported nuclei, while they 
cannot be regarded as proofs of the molecular nature of the 
process, approach so closely to absolute proof that they furnish a 
highly serviceable criterion. This is the more important, as 
such structures as this are often large, easily observed and not 
at all uncommon. 

When the replaced rock is a sediment, added force is given 
to this criterion by the conformity of the stratification in the 
isolated mass with that of the country rock beyond the ore, show- 
ing that the mass is in its original position and has not been 
moved by crystal growth or any other cause during the forma- 
tion of the ore. This is illustrated in Fig. 106. Fig. 107 shows 


Fic. 107. Conditions which would exist in case an empty cavern had been 
filled with rock débris. This would appear at the bottom of the ore mass. 
Also stratification in the débris is at varying angles to its original position in 
the country rock. 


the conditions which would probably occur in a filled cavern, 
where pieces of country rock have fallen to the floor and where 
the strata in them have all angles to that of the surrounding 
rock. 

In the second case mentioned, that is, where the isolated mass 
of unsupported rock is of a different nature from the surround- 
ing rock, the comparatively resistant nature of the rock material 
has caused it to remain either unaffected or but slightly affected 
by mineralization. 
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Three instances of this kind can be readily cited. (1) Orig- 
inal quartz grains in the Black Hills refractory siliceous ores, 
(2) Porphyry masses in the sulphide ores of Leadville, Colorado 
and (3) Thin shale bands in the ores of the Black Hills and at 
Leadville, Colo. 

Quartz Grains——In the country-rock of the Black Hills 
siliceous ores—a magnesian limestone, usually slightly marble- 
ized—isolated grains of sand frequently occur. These have pre- 
sumably been derived from some igneous rock, as they are filled 
with minute gas and other inclusions and may easily be dis- 
tinguished from the clear secondary silica which composes the 
bulk of the siliceous ore. They can only be seen, of course, with 
the microscope. They occur scattered all through the ore, just 
as in the limestone, and not at the bottom of the ore-mass, as 
would have been the case if the ore filled a solution cavity. Nor 
do they occur in clusters as might be the case if the ore was made 
up of coalesced masses formed in small solution cavities. 

Porphyry Masses.—Most porphyry masses are well supported ; 
but in the large ore-masses of Leadville, irregular bodies of 
porphyry now completely changed to clay occur in the heart of 
the ore-bodies often connected with the main porphyry intrusion 
by so narrow a neck of material as to show that they could not 
have remained unsupported if the ore had been deposited in an 
open cavity. 

Shale Bands.—In the country rock of the siliceous ores of 
the Black Hills the bands of easily replaced dolomite are some- 
times separated by beds of aluminous shales, extremely resistant 
to mineralization. These are often extremely thin (down to 
1/16 of an inch in thickness) and yet they run for great dis- 
tances in the ore, often passing completely through it. They 
continue in many cases over areas of hundreds of square feet or 
more. If these ores were originally formed by the filling of 
cavities the intervening lime beds must have been completely dis- 
solved out leaving the shale beds as a sort of “ grizzly,” supported 
in perfect equilibrium, and without the slightest disturbance, 
over very great areas. It is therefore evident that the process 
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of replacement must have operated in these masses, as that is 
the only method of deposition by which the rocks could have 
been changed to ore and support at no time removed. The 
same characteristics can be noted in some of the Leadville ore- 
bodies. Those which occur in the blue or carboniferous lime- 
stone and in the central white limestone do not show this feature ; 
but at the base of the white limestone, where it passes into 
quartzite, the limestone is interrupted by many highly aluminous 
porcelain-like beds of shale and where the beds have been replaced 
by ore these shale bands have remained unaffected within the 
ore-mass. This is especially well shown in the lowest ore-mass 
in the Tucson mine on Iron Hill where the shale beds remain 
unreplaced in much of the ore-mass. 

Fossils —Spurr has described a fossil from the ore of Aspen, 
Colorado, already mentioned on page 639, completely surrounded 
by ore; but not itself replaced. 


It is obvious that this fossil could not have remained unsup- 


ported in mid-air any more than the other structural masses men- 
tioned above. 

Phenocrysts—When porphyritic igneous rocks are repiaced 
the phenocrysts are sometimes more resistant to replacement 
than the body of the rock, and sometimes persist in the ore as 
soft, whitish, clay-like crystals with original form unimpaired, 
and substance only partially affected by mineralization. Quartz 
phenocrysts especially are found in this relation. 

Earlier Formed Crystals in the Ore-——Many sulphide ore- 
masses show complete crystals of quartz, pyrite, galena or some 
other mineral perfectly bounded on all sides and now completely 
surrounded by either a second generation of the same mineral or 
other ore-minerals. 

Lindgren gives two illustrations of thin sections of silicified 
limestone from the Elkhorn mine, Montana, which may be used 
to illustrate this point. These are reproduced in Figs. 87 and 88. 
In the first of them quartz crystals are seen developing in the 
limestone. In the second such quartz crystals are also seen in 


*For this figure see Part I. of this paper 


r 
V 
1 


fe) 
cl 
st 
fi 
te 
f 
( 
— 


REPLACEMENT ORE-BODIES. 659 


outline with all of the intervening lime replaced. They are not 
clustered together at the bottom of the ore-mass nor supported by 
contact with contiguous crystals; but are separated off by them- 
selves and present an excellent case of unsupported structures. 

The siliceous ores of the Black Hills ofter? contain perfect 
crystals of pyrite; and the jasperoid masses (masses of secondary 
silica) of the Ibex mine in Leadville often show complete crystals 
of pyrite imbedded in the silica. Many replacement ore-bodies 
show honeycombed quartz at the surface with cavities having the 
form of pyrite crystals which have been dissolved out during 
oxidation. Instances of this kind from sulphide ore-bodies are 
too numerous to need separate mention. 

It is evident that these perfect imbedded crystals were either 
formed first and existed as replacements in the country-rock or 
were formed later. If later they must have replaced the ore- 
mass itself. It seems probable, at least in limestone masses 
where the country-rock is so much more soluble and easily re- 
placed than the ore, that they represent the first mineralization, 
replacing the country-rock as a sort of advance guard of the 
main mineralization. The rest of the rock was then replaced, 
leaving these earlier replacements completely surrounded by ore. 
In this case, like other unsupported structures, they prove the 
gradual nature of the substitution of ore for rock. If they are 
later introductions they cannot have been formed by any process 
except replacement of the ore itself, for they are perfect crvstals 
on all sides and show no evidence of having had a supporting 
surface upon which to grow. If both complete crystals and en- 
closing ore are of the same mineral, the complete crystals are 
even more certainly the earlier replacements. When for instance 
perfectly formed pyrite crystals are imbedded in finer grained 
pyrite, as in Leadville, it seems chemically improbable that a 
mineral should have replaced itself. In any case they show that 
either they themselves, or the surrounding mass of ore, or both, 
were formed by replacement. 

In using this criterion, care must be taken to distinguish be- 
tween the nearly perfect crystals seen in crustified or imperfectly 
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crustified linings of cavities whose interstices have been filled 
with other deposits from solution, and the perfectly formed 
crystals which occur embedded in masses of ore. Generally, evi- 
dence of some imperfect face, where growth on a wall has 
occurred, can be found, or if not, then the evidently crustified 
nature of a deposit will make the origin of the seemingly perfect 
crystals manifest. Confusion might also occur with igneous ore- 
bodies formed from magmatic segregation, such as some authors 
suppose the nickeliferous pyrrhotites to be. Generally the 
nature of the ore occurrence will be such as to show whether 
or not it may be ascribed to magmatic segregation; and, this 
point once settled, the criterion becomes again available. 

In the case of filled fissures care must be used not to confuse 
angular fragments of country rock which have been forced out 
into the body of the ore with unsupported structures due to re- 
placement. Such unsupported fragments are often found in 
crustified cavity fillings. They have been forced out from the 
walls by the growth of the crystalline crusts in much the same 
way as fragments are broken from an outcrop by the action of 
frost: 

FORM AS A CRITERION. 


As a criterion for the recognition of replacement, form, while 
not a sufficient proof in itself, may be a strong a priori argu- 
ment for this origin. Cavities of the shape of any of the replace- 
ment-bodies in limestones shown in Plates X.1 and XI.,1 and Figs. 
72' and 79', could not have been produced by any mechanical 
process, such as rupture, faulting and fissuring of rocks. The 
only remaining process to which openings of such irregular form 
can reasonably be attributed is solution. We know that great 
caverns can be thus produced by the dissolving action of water in 
limestone, or even in less soluble rocks. Moreover any lime- 
stone cavern shows forms whose irregularity, distribution, rela- 
tion to fractures in the rocks, etc., resemble, to some extent, 
replacement ore-bodies. Hence early opinions (for instance, that 
of Arnold Hague, on the Eureka ore-bodies)! attributed such 


*U. S. Geol. Survey, Monograph XX., pp. 306, 311, 316. 
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irregular masses in limestone to the filling of caves formed by 
surface-waters. 

There are many facts, showing this solution and re-deposition 
to be impossible. The first argument advanced was that ore- 
deposits like those of Leadville, Colorado, and others, were 
formed at a geological age when a very heavy covering of still 
uneroded rocks lay above those which now enclose the ore. At 
Leadville, 10,000 feet is estimated as the depth of this cover. 
Surface waters do not form caves below the level of permanent 
ground-water; and therefore their formation in such a manner 
could not have occurred, unless depression to great depths fol- 
lowed their formation; and evidence against such a depression is 
overwhelming. 

Further evidence is afforded by many of the minerals which 
occur in such ore-bodies; for many of them show aggregations 
of minerals which are stable only under the high pressure and 
temperatures obtaining far below the level of permanent ground- 
water. 

Hence, if open cavities had been formed, and afterwards filled 
with ore, the solution must have been performed by uprising 
mineral waters, presumably different from those which deposited 
the ore-masses themselves. Posepny’ held that mineral waters 
have in many cases dissolved out such openings, and even sup- 
posed them to have forced their way upward through rock masses 
without the aid of any channel of access. 

In the majority of ore-deposits now ascribed to replacement, 
other criteria—unsupported nuclei of limestone, or other original 
rock; the original sand-grains of the rock, the occurrence of 
perfect crystals of one or more minerals now surrounded entirely 
by ore; the preservation of structure, etc.—have shown beyond 
peradventure that the ore-bodies could never have been deposited 
in open cavities. There are, however, a few cases which sup- 
port the hypothesis of Posepny; for crustification of minerals on 
the walls of irregular cavities conclusively proves that the process 
was one of solution and later deposition. 


*T. A. I. M. E., Vol. XXIII, p. 216. 
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The lead-zine ores of Wisconsin (see Fig. 97), described by 
Chamberlin, and the ores of Rezbanya, described by Posepny, 
are instances. The gold ores in the American Nettie mine in 
Ouray, Colorado, in part represent such an occurrence. Solu- 
tion and re-deposition are also described by Lindgren and Ran- 
some from Cripple Creek. In the upper oxidized portions of 
any ore-deposit in soluble limestone, where surface-waters can 
penetrate, open caves lined with crustified oxide-ores are often 
found. They occurred in Eureka, Bisbee, and are even de- 
scribed by Blow from Leadville; but in no sulphide-masses can 
any such occurrences be noted. 

Another very strong argument against the formation of these 
large irregular mases of ore as fillings of solution caves in 
limestone is the absence of cave-detritus in the ore-body. In 
any incompletely supported cavern fragments of the roof fall 
from time to time and débris accumulates on the floor, in 
irregular heaps, the bedding planes lying at all angles. Such 
detritus was actually found in the cave-deposit of the Copper 
Queen, where caves formed by surface-waters in the upper work- 
ings occurred with crustified linings of malachite and azurite. 
But in none of the large ore-bodies within my observation or 
reading has such detritus, gathered at the bottom of the ore- 
masses been noted. Figs. 106 and 107, pages 655, 656, illustrate 
this point. 

In conclusion, then, irregularity of form, unless the ore-mass 
shows a definite crustification on the walls, or unless distinct 
intersecting concavities be observable, is, in itself, a very strong, 
though not necessarily conclusive, proof of the formation of 
an ore-mass by replacement. 


CAVITIES LEFT BY DECREASE IN VOLUME, 


It seldom if ever happens that the material substituted for 
country-rock has the same volume as the original material. The 
varying densities of minerals and proportions of the new and 
old minerals taking part in the reactions usually result in a very 
marked change of volume. Formulas for rock-alteration may be 
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written, indicating both increase and decrease in volume. It is 
difficult to conceive how a mineral of greater volume than that 
replaced can be introduced without a marked compression of the 
adjacent mineral grains, the result of which should be evident 
under the microscope in wavy extinction and other recognizable 
optical anomalies. So far as I know, these have never yet been 
detected; and it might therefore be supposed that increase in 
volume of actual substance has not occurred. Where porosity of 
original rock, however, is large, a mineral of greater volume 
might be conceived to form by the occupation of all the available 
pore-spaces. Replacement might therefore easily occur in porous 
sediments when a considerable increase in volume was involved, 
without producing strain-phenomena in the rock. 

A decrease in volume involves no difficulties, and may find 
expression in a porous rock as a result of the substitution of 
minerals of greater for minerals of less density. Thus, if in a 
limestone of 3 per cent. porosity galena be substituted for cal- 
cite, and actual measurements of volume of the resulting rocks 
show a porosity of 30 per cent., a decrease in volume of 27 per 
cent. has occurred. 

If the molecular volumes of the minerals which are often 
substituted for limestone be examined and compared with those 
of the component minerals of the replaced limestone, it will be 
found that the molecular volumes of the new mineral are some- 
times less and sometimes more than those of the original rock. 
This is shown in Table B. 

In cases where the molecular volume of the new mineral is 
smaller than that of the mineral replaced, it is obvious that if 
an equation be assumed for replacement involving only the 
substitution of one molecule of new mineral for one molecule of 
original rock, a slight decrease of mass would result. It fre- 
quently happens, however, that the replacing mineral shows a 
much less or much greater decrease in volume (as shown by the 
shrinkage cavities in the replacing mineral) than is called for 
by this difference; and it is evident that the equation assumed 
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TABLE B. Specific Gravity and Molecular Weight and Volume of 
Sundry Minerals. 


Apatite, 3C, Ca(Cl, Fl 3.22 501.22 | 135.7 
Kaolinite, H, Al, Si ates 2.5 259.05 103.62 
Carbon (Graphite), C 2-09 12.00 57-41 
Calcite, CaCQ,... .... 100.07 36.78 
Rhodochrosite, MnCOy,...+ssssseseesssssessseeoroesevveveneeee 3.7 134.99 36.48 
Magnesite, MgCO, 3.0 84.28 28.09 
Quartz (Igneous), ‘SiO, 2.2 60.40 27.45 

Minerals i in Ores. 

Gypsum, BELO 2.32 172.17 74.21 
Barite, BaSO, ........ al: 233.50 49.41 
Scheelite, CaWO, .. 288.90 48.15 
Chalcopyrite, Cues, 4.3 183.76 42.73 
Wolframite, FeWO, 7.5 304.85 40.64 
Arsenopyrite, 6.27 163.10 26.01 


for the change may involve different numbers of molecules on 
its two sides. This is especially evident when a mineral like 
quartz replaces limestone, and the cavities left in the resulting 
material are more abundant than the difference in molecular 
volume would seem to justify. Again, it is frequently the case 
that the molecular volume, such as that of wolframite, is greater 
than that of the original mineral and yet a very marked decrease 
in total volume has occurred. This is seen in the wolframite- 
deposits of the Black Hills, South Dakota, which replace lime- 
stone. Lindgren’ has shown in great detail how the nature of 
the equation will affect the change in volume, theoretically calcu- 
lated. It is furthermore impossible to calculate this change 
exactly from analyses, unless some one element has persisted 
unchanged in the process—which does not often happen. 
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Whatever be the theoretically calculated change, the ob- 
served facts show that in nearly all siliceous replacements, and 
in the greater number of metallic replacements, there has been 
an appreciable and often marked decrease in the volume of 
the rock, shown in widely distributed cavities in the ore, into 
which crystals of the latest formed ore-minerals project. These 
cavities are usually without regular form or orientation, having 
all possible forms, and being set at any angle to the original rock 
structures and to each other. They are often extremely intricate 
in form, and almost labyrinthine in complexity of arrangement. 


Fic. 108. Sketch of ore shoot in Black Hills showing shale bands in ore 
and pore-spaces caused by decrease in volume. Size of pore-spaces exag- 
gerated. Lack of distortion of shale-layers shows that there is no compres- 
sion of original rock into smaller space. Pore-spaces show a decrease in 
total volume. 
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Such a reduction in volume is further borne out by the fact 
that in most cases the space occupied by the new material is of 
exactly the same volume as before alteration. That is, the rock 
mass itself has not been condensed into a smaller space. Thus 
in Leadville the rock structures, stratification, porphyry limestone 
contacts, etc., are not at all disturbed during mineralization. 

Likewise in the siliceous ores of the Black Hills, the strata run 
directly through the ore, and where two unmineralized layers 
run through the mineral mass without silicification, the shale 
bands are no nearer together nor further apart than before the 
replacement. This is illustrated in Figs. 108 and 109 and 78.1 


== Shale 

Limestone 
Shale 
Limestone 
Shale 


Biack areas represent pore spaces 
in the ore 


Fic. 109. Two-thirds natural size. Shale bands persisting in siliceous ore 
formed by replacement of alternating dolomite and aluminous shale bands. 
Portland Mine, Portland, South Dakota. The dark spaces are shrinkage 
cavities. 


Pores of this kind, or “shrinkage cavities” are often of great 
value in detecting replacement. They cannot be, of course, re- 
garded as very serviceable criteria in determining the molecular 
nature of the process; but they are frequently so characteristic a 
feature that they will lead one to look for other and more certain 
proofs. 

It is important that they should not be confused with inter- 
spaces between crustified layers which line cavities. When 
mineral crusts are very definite there is usually no difficulty ; but 
when crustified layers are imperfectly formed, the relation of the 
openings to fragments of country-rock should be determined. 
“ Shrinkage cavities’’ are much more irregular in shape than 
cavity-vuggs; are rarely if ever angular in outline; are generally 
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more intricate and bear much less definite relations to wall-rock, 
included fragments, etc., and are usually more widely disseminated 
in an ore-mass. In some instances, the distinction is difficult to 
make and this criterion then fails; but in the majority of cases 
the origin of the openings is at once evident. 


EXCESS OF VOLUME OF NEW MINERAL OVER PORE-SPACE OF 
COUNTRY-ROCK. 

In many dense igneous rocks it frequently happens that dis- 
seminated particles of ore are introduced in the vicinity of a 
fissure opening. It may be an easy matter to determine whether 
they are epigenetic or igneous in origin; but the distinction be- 
tween impregnations, i. e., particles of ore deposited in original 
pore space, and disseminated replacements is more difficult. In 
such cases, if the average porosity of the country-rock, and 
then the total volume of the new mineral, should be determined ; 
and, if the volume of the latter exceeds the available pore-space,. 
some of the rock matter must have been removed to make room 
for it. This, of course, gives no clue as to whether such in- 
creased space was caused by replacement or by the formation of 
minute and widely scattered spaces of dissolution; but it will 
serve to direct the investigation toward the discovery of more 
decisive evidence. 


Physical Conditions Under which Replacement Can Occur. 


TEMPERATURE AND PRESSURE OF REPLACING SOLUTIONS. 


Replacement is effected by the substitution of dissolved for 
solid mineral matter, involving both the removal of the original 
material and the deposition of the new. The dissolved mineral 
may be introduced into the rock under four different conditions: 

1. It may be contained in surface-waters which have dissolved 
it from the upper portion of a deposit, and carried it downward 
through cracks and fissures. It is then under low pressure and 
at surface-temperature, except so far as it may be effected by 
the heat of chemical reaction before or during the process of 
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replacement. (Surface-waters may sometimes be heated above 
surface-temperature by oxidizing reactions.) Replacement by 
secondary oxides, and much secondary sulphide-enrichment, are 
believed to have been produced in this way. 

2. It may be contained in sea-water, or water of lakes and 
streams, and replace soluble carbonates, accumulating on the 
bottom. It is then cold; or, more exactly, at ocean or sur- 
face-temperature. Mineral in this form of solution is supposed 
by C. H. Smyth, Jr., to have been responsible for the forma- 
tion of the Clinton iron-ores. 

3. It may be contained in so-called “ juvenile,” or hot ascend- 
ing waters, to which most of the normal ore-deposits, usually 
termed hydrothermal deposits, are in my opinion to be attributed. 
Solutions of this kind are probably highly heated and under con- 
siderable pressure, but are below the critical temperature and 
pressure of water, and are consequently aqueous. They operate 
under temperatures and pressures insufficient to produce contact- 
metamorphism. Such hydrothermal replacement is supposed to 
have produced deposits like those in the Black Hills, South 
Dakota, at Leadville, Colorado, and possibly at Eureka, Nevada. 

4. It may be contained in water which has been raised above 
the critical temperature and pressure, so as to be in a vaporous 
condition. Such solutions are presumed to arise as emanations 
from magmas. They are not only hot themselves, but they 
operate on highly heated rock-masses. They arise chiefly in the 
neighborhood of intrusive igneous masses. If limestone or cal- 
careous rock is present, their action is supplemented by intense 
contact metamorphism and rendered excessively complex by 
volume-changes independent of simple metasomatism. If lime- 
stones are absent they produce what may be called pegmatitic 
replacements. 

Pneumatolytic, hydrothermal and contemporaneous replace- 
ment are primary processes; that is, they have operated to form 
ore-bodies previous to the action of superficial alteration or 
change. Superficial replacement is entirely secondary. 

The criteria for the recognition of replacement which have 
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been discussed in the preceding pages apply only in minor degree 
to contact metamorphic types, and are mainly concerned with 
the hydrothermal group of deposits. The consideration of the 
other and more complex forms of contact metamorphic replace- 
ment is reserved for fuller discussion in a more detailed paper 
now in preparation. 


CLASSIFICATION OF REPLACEMENT DEPOSITS ACCORDING TO 
PHYSICAL CONDITIONS. 


The following classification expresses these conditions of solu- 
tion. 


1, Pneumatolitic (a) 
Replacement 
(by solutions at Pp 
(b) Pegmatitic re- 
temps. & pres- 
sures greater 
Thermal than critical 
(by solutions at temp. of water). seaaretiem, 
elevated 
tures greater than 
tures). (by solutions at & 
temperatures 
and pressures. 
less than crit- 
5 J ical temperature 
3 of water). 
3. Contempora- 
neous Replace- 
ment 
(by seas, lakes 
Athermal and streams 
(by solution at during  deposi- 
low temperatures J tion). J 
at or less than 
surface tempera- 4. Superficial (a) In the form ) 2 
tures). Replacement of oxides. 
(by descending (b) In the form & 
meteoric of secondary g 
waters). sulphides. nn 
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HEMATITE ORES OF BRAZIL AND A COMPARISON 
WITH HEMATITE ORES OF LAKE SUPERIOR. 


C. K. anp E. C. Harper. 


The iron ores of the Minas Geraes district of Brazil are more 
nearly like the Lake Superior iron ores in their types, geologic 
association, richness and quantity than anything yet discovered. 
The location of the district with reference to the coast appears on 
the accompanying sketch map. The distance from the coast is 
300 to 400 miles. 

Dr. O. A. Derby has written a brief account of these ores, 
for the volume on the Iron Ore Resources of the World, pub- 
lished by the Swedish Geological Congress, Stockholm, 1910. 


PVictorna 


MAP SHOWING THE 
SITUATION OF THE IRON) 
ORE DISTRICT OF MINAS 
GERAES, BRAZIL. 
SHADED AREA INDICATES] 
THE IRON ORE DISTRICT, 
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Fic, 110. Map showing the situation of the iron ore district of Minas 
Geraes, Brazil. 


The district is being mapped for the Brazilian Geological Survey 
by Dr. Gonzaga de Campos. We are indebted to both Dr. Derby 
and Dr. Campos for many courtesies shown us during our 
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examination of this field. We were able to confirm the essential 
results of their work and follow them closely in the following 
description. The new features contributed in this article relate 
to the origin of the ores, and their comparison with the Lake 
Superior iron ores, phases of the subject which naturally had 
not yet been taken up from our point of view by the Brazilian 
geologists. We are also indebted to Messrs. W. N. Merriam 
and Mark Newman, geologists of the Oliver Iron Mining Com- 
pany, for detailed mapping of certain areas during the year pre- 
ceding our visit and for part of the analyses here published. 
Quoting from Dr. Derby :' “In its essential geological features 
the region is constituted by a basement complex of crystalline 
schists (gneiss, mica-, amphibole-, chlorite-, and talcose-schists ) 
much injected with granite, and overlaid by a heavy series of 
partially metamorphosed sedimentary beds, profoundly folded 
and faulted. In this series which consists principally of quart- 
zites and clay slates with subordinate beds of limestone, a promi- 
nent member is the peculiar iron-bearing quartzite to which the 
name of itabirite has been applied.2 This shows all possible 
gradations from an almost pure quartz-rock with scattered flakes 
of hematite to a massive hematite, free from quartz. The latter 
presents itself as intercalated layers, or lenses, varying from a 
few millimeters up to scores of meters in thickness, alternating 
with leaner quartzose portions. When limestones occur in the 


‘Derby, O. H., “The Iron Ores of Brazil,” reprinted from the “Iron 
Resources of the World,” Stockholm, toto, pp. 817-8. 

* This name was originally proposed by Eschwege, in 1822 (“ Geognostisches 
Gemalde von Brazilien”) for the massive pure iron ore of which the peak 
of Itabira do Campo, amongst others, is composed, and which is associated 
with a schistose rock composed of granular quartz and scaly hematite which 
he discriminated as iron-mica schist (Eisenglimmerschiefer). By common 
usage the name has come to be applied to the latter rock, and it is only in 
this sense that its retention can be justified as a convenient term for a rock 
type that would otherwise have to be designated by an awkward and mis- 
leading descriptive name. Through variation in the relative proportions of 
the constituent elements this type of rock grades off on one side to a purely 
quartzose and on the other side to purely hematitic phase. The phases 
sufficiently rich in iron to be commercially valuable may be conveniently 
designated as Itabirite Ores. 
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series, they also are generally more or less heavily charged with 
flakes of hematite and are frequently associated with com- 
mercially valuable ores of both iron and manganese.” 

“Taken as a whole, the itabirite beds, which are often of 
great thickness, become, when exposed to the weather, ex- 
tremely friable, and as the region is one of heavy rainfall (1,500 
to 2,000 millimeters) they have been extensively denuded. In 
consequence of this, the massive portions, when they occur, stand 
out as prominent topographic features; the rain and wind swept 
slopes become covered with a rubble of iron ore due to the break- 
ing up of the thinner intercalated layers, more or less completely 
freed from the associated siliceous elements by rain and wind 
action, and the bottom lands of the valleys become charged with 
deposits of iron sand separated by the natural sluicing of the 
streams.” 

It seemed to us that the sedimentary series is probably in- 
truded also by certain granites as well as underlain by them. 
The sediments near the base of the series are largely quartzitic, 
near the top of the series schist, slate and quartzite, at inter- 
mediate horizons schists, limestone and itabirite or iron forma- 
tion, though the geology has not been worked out in sufficient 
detail to make it certain that this general succession holds 
throughout the district. The age of the series is regarded as 
probably pre-Cambrian by the Brazilian geologists. 

Amphibolite is a common associate of itabirite locally especially 
in the region of granitic and other intrusions. Limestone or 
carbonate rock is more common in the less metamorphosed 
regions, occurring within or near the iron formation as dis- 
continuous beds and lenses of varying thickness. Micaceous 
quartzite and amphibolite have been found interbanded with 
gneiss. Itabirite has been found lying on gneiss and apparently 
conformable with it in banding. It should be noted that the 
iron formation and the carbonate rock or so-called limestone, are 
very closely associated. Carbonate beds may occur either at the 
top, at the bottom, or within the iron formation beds. Some- 
times they are separated from it by a small thickness of fer- 
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ruginous schist. Near the contact of the itabirite and carbonate 
rock the two are generally more or less interlaminated, thin layers 
of carbonate occurring in the itabirite and thin layers of itabirite 
in the carbonate rock, showing plainly a succession of deposition. 
The carbonate rock or so-called limestone consists largely of a 
mixture of carbonates of lime, magnesia, manganese and iron 
with impurities in the form of grains of specular hematite and 
locally sand. It may, therefore, be regarded as a phase of the 
iron formation deposited when carbonate deposition pre- 
dominated over sand and iron oxide deposition. The itabirite 
itself often contains some carbonate, varying in abundance in 
different places. 
We classify the ores as follows: 


Bedded Ore: 
Thick bedded massive hematite (dense hard blue hematite; fine specular 
hematite; coarse specular hematite; martite). 
Thin bedded laminated hematite or jacutinga’ (fine grained or crystalline: 
hard or soft). 
Fragmental Ore: 
Canga. 
Rubble Ore. 
Sand Ore. 
Secondary Ore: Leached carbonate; enriched itabirite. 


BEDDED ORE. 


The bedded ores occur as layers or lenses interbedded with 
itabirite, together with which they constitute the iron formation. 
They may be considered simply phases of the iron formation 
formed at the same time as the itabirite. All gradations occur 
from quartzitic itabirite to pure ore. The bedded ores are the 
most important in the district; the next in importance being the 
canga and rubble ores. The other classes are of little or no 
importance. 


*The term jacutinga is also applied to soft laminated itabirite. In this 
paper however it will not be used in this sense. The term itabirite is fre- 
quently applied to the iron formation as a whole including the ores, but 
in this paper it will be used only for the ferruginous sandy rock which forms 
the bulk of the iron formation and with which the ores are associated. 
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Thick Bedded Massive Hematite-——The thick bedded massive 
hematite ores occur in massive layers interbedded with thin 
bedded laminated hematite or jacutinga, with itabirite or with 
quartzite or argillaceous schists. In the first case they may 
form but a small percentage of the iron ore deposit, occurring 
simply as minor beds and lenses in larger deposits of jacutinga, 
which in turn may be interbedded with itabirite or with quartzite 
or argillaceous schists. Very commonly massive ore beds are 
enclosed in itabirite and sharply separated from it. When the 
itabirite is nearly or entirely absent, massive ore beds may be 
inclosed directly between beds of schist. 

Massive ore beds vary in thickness from less than a foot to 
more than three hundred feet, and in length to more than a mile. 
Length is not dependent on thickness, however, for some thin 
beds may be very long while thick beds may simply be in the 
form of short lenses. Important deposits of massive ore occur 
at several points in the district, notable among which are Pico do 
Itabira do Campo, Pico do Itabira do Matto Dentro, Serro do 
Conceicao, Morro do Jangada, Morro Agudo, Serra da Gays, 
Fazenda da Alegria, Fazenda da Timbopeba, Morro da Mina and 
Casa de Pedra. 

The massive ore beds generally have a sharp contact with the 
enclosing jacutinga or itabirite. The laminz in the latter con- 
tinue into the massive ore and where the itabirite has been 
partly leached of silica or carbonate and is porous, it slumps 
around massive ore lenses. 

The iron oxide in the heavy bedded massive ores varies in 
texture from dense, hard, blue hematite through finely crystal- 
line hematite to coarse specularite and crystalline hematite. 
Locally ore beds are composed largely of martite; while else- 
where martite (magnetite) phenocrysts occur in a matrix 
largely composed of specular and crystalline hematite. Magne- 
tite is locally abundant. Fine-grained dense ores occur mainly 
in the western and southern parts of the district, while coarsely 
crystalline and specular ores with associated martite or magnetite 
are abundant in the northeastern part of the district where 
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granitic and other intrusives are widespread. Coarsening of 
grain of the ore may be attributed to the effect of intrusives. 
Massive thick bedded ores lack porosity. 

Thin Bedded Laminated Hematite or Jacutinga.—In addition 
to the massive ores described above, there are large deposits of 
thin bedded laminated ore or jacutinga in the district. In struc- 
ture and occurrence these are similar to the thick bedded ores, 
but they differ from them in texture. The ore varies from a 
fine grained hard platy ore through soft platy ore to soft powdery 
specular ore. All, however, show lamination. The platy tex- 
ture is due to the ore breaking up parallel to the bedding and 
lamination. Hard massive ores frequently show lamination but 
in these there is little or no tendency to break along lamination 
planes. 

Most of the jacutinga is somewhat porous, due probably in 
part to the leaching out of carbonate and perhaps some silica. 
Among the materials leached out there is but little iron or 
manganese carbonate, shown by the fact that limonite and 
manganese oxides are of minor importance in this ore, it being 
largely pure hematite. Limonite is more abundant immediately 
below the surface than at depth and has resulted probably partly 
from the hydration of hematite. The jacutinga cannot be con- 
sidered as having been originally a rich itabirite from which the 
impurities have been leached, for in most places the pore space 
is so small that even were it filled with silica the material would 
still be an ore. Besides, the itabirite where it outcrops at the 
surface contains practically as much silica as at a depth, so the 
material leached from the porous jacutinga is probably largely 
a lime carbonate cement. 

To some extent these ores resemble the ores of the Mesabi 
Range in Minnesota, that is, as far as they are enriched by the 
leaching out of impurities. Here, however, the similarity ceases ; 
for while the Mesabi ore deposits are in the form of irregular 
masses on the surface of the iron formation, the jacutinga ores 
are interlayered with the iron formation as beds or lenses. 

How far below the surface the jacutinga ores retain their 
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characteristic texture is not known. They have been examined 
to a depth of 70 feet and in this distance there is apparently no 
change. They are much more extensive than the deposits of 
massive ore. Single lenses are known which are more than three 
miles in length and range up to 2,000 feet in thickness. 

The extent and distribution of the jacutinga ores are not yet 
thoroughly known. While the hard massive ore-deposits show 
topographically as peaks and ridges, the relatively soft jacutinga 
ores do not figure in the topography and are frequently largely 
covered by canga (or iron ore conglomerate) or even by surface 
soil. Extensive bodies however, are known at the following 
localities—on the properties of Alegria, Germano, Fundao, 
Fabrica Nova, Catta Preta and Bananal, embracing what are 
known as the Caraca deposits near Santa Rita Durao; on the 
properties of Talha Aberta, Morro Agudo and Monlevade near 
Sao Miguel da Piracicaba; on Fazenda da Fabrica west of 
Miguel Burnier and probably elsewhere in the district. 

Both ore and itabirite are cut by quartz veins; these being 
especially abundant in the eastern and northeastern parts of 
the district. The quartz veins generally contain coarse specu- 
larite or crystalline hematite, and locally carry gold. Martite is 
not present as far as known: Veins of specularite have been 
seen to cut itabirite where the latter consisted largely of inter- 
banded martite and quartz. The quartz veins may be related 
genetically to the granitic intrusives. 


FRAGMENTAL ORE. 


Canga.—Canga consists of fragments of iron ore or itabirite 
cemented by hydrated iron oxide, locally containing much clay 
and chert. Canga is especially developed from itabirite areas or 
areas of jacutinga ore and as far as known is found to only a 
very small extent over hard massive ores, because these resist 
erosion. Locally canga overlies schist or quartzite. Where it 
overlies lean itabirite or occurs at the base of hills of lean itabirite, 
it usually contains few ore fragments but consists largely of frag- 
ments of porous sandy itabirite cemented by siliceous iron oxide. 
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It may be termed an itabirite canga. Canga which overlies 
itabirite in which there are numerous lenses of massive ore or 
occurs at the base of hills of such material, usually consists largely 
of fragments of iron ore cemented by hydrated iron oxide. It 
may be called an iron ore canga. Canga deposits may reach 40 
or 50 feet in thickness, being usually thin on the tops of hills 
and ridges and thick on the slopes and near the base of such 
elevations. 

Some canga has been deposited in situ upon the erosion sur- 
face of the underlying itabirite or jacutinga or has been deposited 
on the slopes of hills consisting of such materials. Other canga 
has been transported. Canga deposited on or near beds of hard 
itabirite and ore characteristically consists largely of coarse frag- 
mental material, the blocks locally reaching dimensions of several 
feet. The cement, which is limonite or limonite mixed with 
quartz, is very subordinate in amount. Where, however, the ad- 
jacent itabirite or ore is soft the canga is usually made up of small 
fragments and contains abundant cement. Transported canga 
usually contains a smaller percentage of fragmental material than 
canga deposited near the original iron formation beds. Where 
the transportation has been for considerable distances the frag- 
ments are water-worn pebbles, and the cementing material forms 
most of the rock. The cement in transported canga is ocherous 
iron oxide and contains much siliceous, clayey and earthy ma- 
terial. It is red or yellowish red. 

Immense deposits of canga occur in the district. Those which 
consist largely of iron ore fragments are of high grade. Those 
which contain much cementing material are of iow grade, gen- 
erally containing much alumina and phosphorus. 

There have been two or more periods of canga deposition 
shown by the fact that extensive uplands covered with canga have 
been cut through by streams forming gorges between cliffs of 
canga, and within these gorges later deposits of canga are found. 
The most widespread period of deposition is pre-late Tertiary. 
This is well shown at the Fazenda da Gandarella where in a 
broad canga upland, deep valleys have been cut which in their 
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bottoms contain deposits of supposed Tertiary clay with beds of 
lignite. The Tertiary clay itself is covered by a mantle of more 
recent canga. 

Rubble Ore.—Rubble ore consists of loose fragments of iron 
ore which have collected as detrital deposits on hill slopes. 
Locally these deposits lie on itabirite and are formed from the 
breaking up of small massive ore lenses in the latter. Elsewhere 
they lie on slopes below large outcrops of massive ore. At still 
other places they are formed by the breaking up of iron ore 
canga. Where the fragments have been carried some distance, 
they have generally suffered considerable abrasion. Rubble ore 
is of high grade and constitutes important ore deposits. These 
ores, while not as important as the massive ores, are of course 
easily and cheaply mined and locally will be the first to be utilized. 

Sand Ore.—Sand ore consists of hematite sand mixed with 
more or less quartz sand deposited along streams which cut areas 
of itabirite and iron ore. Deposits of this type are of but little 
importance in the district. 


SECONDARY ORES. 


Under this head are grouped several unimportant types of ore 
which do not belong to either ‘of the above classes. 

Commercially the most important of these are scattered de- 
posits of mixed limonite, psilomelane and wad occurring near 
the surface in a more or less fractured itabirite. They are 
formed partly by replacement of itabirite and partly by the filling 
of cavities between itabirite fragments. Such deposits occur at 
Batafogo and Manso near Ouro Preto and at Fazenda da Gan- 
darella. 

Another type is that associated with lenses of carbonate rock. 
As has been stated, nearly all the so-called limestones of the 
district are composed of a mixture of lime, magnesia, maganese 
and iron carbonates with grains of specular hematite and fre- 
quently sand. The carbonates dissolve easily, leaving as a 
residuum, specular hematite, limonite and wad with more or 
less sand and earthy material. Most of the material is of too 
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low grade to be termed ore. The residuum is distinctly bedded 
and often finely banded. It is soft and friable, has an earthy 
appearance and is usually very dark, due to the manganese oxide 
present. Some layers are largely limonite and wad, some 
limonite and hematite. Locally wad occurs as small scattered 
nodules. 

The residuum is very porous; masses of it frequently occupy 
the same space as the original rock and show no slump but con- 
tain more than perhaps 50 per cent. pore space. 


GENERAL SUMMARY OF ORES. 


It appears, therefore, that the important ores in this district 
are massive hematite and jacutinga. Secondary concentration 
resulting from the leaching of impurities has enriched much of 
the jacutinga ore but has not been sufficient to form ore deposits 
from ordinary iron formation or itabirite as has been the case in 
the Lake Superior district. Brazilian ores are associated with 
vast quantities of residual or transported fragmental ores usually 
of a somewhat lower grade than the bedded ores and therefore 
not to be immediately utilized, but still constituting enormous fair 
grade deposits for the future. Parts of this ore not cemented are 
locally as rich as the massive ores and will be early utilized. Be- 
cause of glaciation, the counterparts of the fragmental ores are 
not abundant in the Lake Superior region. 

Estimates of tonnage for the region as a whole would be pre- 
mature with the present state of knowledge, but it is certain that 
the estimate of Dr. Derby for the International Congress, of two 
billion tons for the district, is conservative. Of the high grade 
massive hematite and jacutinga ranging from 63 per cent. to 69 
per cent. in iron, the tonnage is probably not far short of the total 
reserve of available ores in the Lake Superior region today. In- 
dividual deposits contain several hundreds of millions of tons. 

The grades of these hematites vary, of course, with the content 
of silica and phosphorus, but the conspicuous thick lenses of 
massive iron ore are probably the richest ores of Bessemer hema- 
tite in the world. Some jacutinga ores are equally rich but 
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others are somewhat high in phosphorus and silica. 


Below are 


given commercial analyses, each analysis representing most care- 


ful samplings over hundreds of feet of bedded ore. 


ANALYSES OF BEpDDED HEMATITES. 


| Loss by 
No Iron Phos Sil. | Mang. | Alum Lime. Mag. ak = 

| (Moisture), 

| 

I | 68 22 | 049 -30.| 44 .10 05 
2' | 63.99 | 033 | .49 | .23 | 4.48 | Trace | Trace 02 | ia 
3! | 64.29 087 +42 | .29 4.04 | Trace | Trace 03 3 
4 | 68.82 | 044 | -40 | Trace | Trace | 
5 68.67 | O13 -20 | .40 .02 .02 
6 | 69.35 | -33 | Trace 03 .O1 
7 | 68.79 | O17 | .27 | .25 -56 | Trace | Trace .02 .43 
8! | 63.01 | .184 | 08 03 6.00 
9 | 68.77 | -9§ | .09 .04 Trace | .09 | .20 
10 69.52 .025 | 4309 Trace | Trace | .04 | 
Ir | 69.52 | .009 -70 | .07 -22 | Trace | Trace .04 
12 | 66.71 .040 1555) 62 .82 | Trace | Trace 02 | 1.53 
13 | 69.20 | .028 | .31 | "20 33 | Trace | .03 Ol .32 
14 | 69.20 | .o15 +19 17 .42 | Trace .02 | "39 
15 | 69.05 | .o10 +28 | 15 -56 | Trace 03 .03 +44 
16 | 68.98 | .013 +30 | .18 54 .02 03 .02 
17 | 66.33 | .159 | | 
18! | 64.26 | .160 1.67 | | 2.10 
19! | 64.80 | .132 1.15 | | | -90 
20! | 65.19 | .121 1.68 | 1.80 
21' | 65.56 | .066 | 3.12 | | | 2.35 
22" | 64.06 | 6.40 | | 
23! | 68.30 | .045 


The canga ores are somewhat lower grade than bedded ores, 
because they are cemented with clays and hydrated hematites, 
carrying a larger percentage of phosphorous and silica than the 


bedded ores. 
per cent. in iron. 


follow : 
ANALYSES OF CANGA ORES. 

No. | Iron. Phos. Sil | Mang. Alum. Lime. | Mag. 
1 | 5871 | ,167 1.14 | .76 4.42 .02 | .06 
2 | 61-19 | | .73 160 
3 | 60:89 | .094 | 1,38 .69 5.17 .02 | .07 
4 | 60-97 019 2.35 +04 
5 | 64-32 | .194 1.87 | .06 | 1.75 .02 | .03 


Large areas of these ores will average 50 to 60 
Analyses representing commercial samplings 


Sul. | Loss by 
| Ignition. 
| 9.05 
04 7.17 
+04 5.22 
4.07 
-20 | 3.80 


 Jacutinga ores—balance = massive ores. 


| 
| 
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ORIGIN OF THE ORES. 


Massive Ores and Jacutinga.—Itabirite and bedded ore were 
formed together under similar conditions, and statements regard- 
ing the origin of one apply to the other. Iron ore beds and 
lenses are phases of the itabirite free from quartz. Iron oxide in 
ores and itabirite may have been deposited originally as (a) 
ferric hydrate, or as (b) iron carbonate. The first of these 
appears to be the more probable hypothesis. Factors favoring 
deposition as ferric hydrate are (1) Great continuity and uni- 
formity in composition of beds and laminz of silica and iron 
oxide. Iron oxide resulting from secondary alteration of iron 
carbonate shows irregularity in distribution of iron and silica. 
The ores of such origin usually follow irregular channels de- 
termined by joints, pitching impervious basements, and other 
structural conditions. In detail there is little evidence of migra- 
tion of iron or silica even across thin layers, as there would be if 
the ores were derived from alteration of iron carbonate. (2) 
Layers of itabirite and carbonate rocks are found interbedded, 
showing alternate deposition rather than differential alteration. 
(3) Beds of massive ore are not found associated with carbonate 
rocks, but with itabirite. (4) Silica in the itabirite is in the 
form of sand grains rather than chert. The silica in iron car- 
bonate is usually cherty. (5) Carbonate rocks are not associated 
with massive ores and when associated with itabirite are found 
only as interbedded layers. ‘The alteration of the iron oxide in 
the itabirite from iron carbonate could not be assumed to have 
occurred along definite beds, leaving other beds unaltered. 
(6) In metamorphosed areas recrystallized itabirite and iron ore 
are found interlayered with quartzite schist and amphibolite or 
amphibole schist. The latter may represent original carbonate 
rock interbedded with itabirite and quartzite. Itabirite layers 
are interbedded with amphibole schist layers and do not represent 
previous partial alterations from carbonate. Such occurrences 
are equivalent to interbedding of itabirite and carbonate rock in 
unmetamorphosed regions. (7) Slumping of itabirite laminz 
around iron ore lenses shows that itabirite has suffered diminu- 
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tion of volume during alteration (by leaching of carbonate and 
silica) instead of the ore, which could not be the case were the 
iron oxide an alteration from iron carbonate. (8) There is diffi- 
culty in accounting for the oxidation from iron carbonate and 
consequently recrystallization of the iron oxide without an 
erosion interval, for which there is no evidence. If alteration 
took place at a great depth below the surface from very pure 
carbonate the ore lenses should nevertheless show diminution of 
volume as compared with the itabirite and they do not. 

Leached Carbonate.—In some districts, notably near Ouro 
Preto and at Gandarella there is clear evidence that iron and 
manganese oxides are the products of direct oxidation of iron 
and manganese carbonates, followed by partial leaching of silica. 
resulting in the development of porosity and remarkable slump- 
ing. These ores are low grade, being usually sandy and clayey 
and do not figure in the estimates of tonnage of high grade ore 
in this district. 

Fragmental Ores—Canga, Rubble and Sand Ore.—These are 
due to the surface weathering and erosion of the massive ores, 
jacutinga and itabirite above described. They do not figure in 
the estimates of high grade ore. 

Sequence of Events Resulting in Development of Ores.—The 
first deposits were beds of sand, clay, mixed sand and ferric 
hydrate, with locally mixtures of various carbonates. These 
were cemented respectively to sandstone and quartzite, shale. 
itabirite with hydrated ore lenses, and carbonate rock. Meta- 
morphism due to burial and folding resulted in the alteration of 
sandstone and quartzite to quartzite schist; in the alteration of 
the shale formation to slate and schist; in the dehydration and 
crystallization of the quartz and iron oxide in the itabirite; in 
the alteration of hydrated ore lenses to dense or finely crystalline 
and specular hematite; and in the recrystallization of carbonate 
rock. Local metamorphism due to granitic and other intrusions 
resulted in the coarse recrystallization of quartzite, quartzite 
schist, itabirite and iron ore and probably in the alteration of 
carbonate rock to amphibole schist. Surface weathering and 
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erosion resulting in the further concentration of jacutinga ores 
by leaching of carbonate and silica, and by breaking up of the 
ores and associated rocks mechanically, producing canga, rubble 
ore and sand ore. 


COMPARISON OF BRAZIL AND LAKE SUPERIOR ORES. 


The rich and important Brazilian massive hematite and 
jacutinga ores seem to be the result of direct sedimentary deposi- 
tion, as more or less hydrated hematites, without much impurity, 
which have since been merely dehydrated and have required no 
extensive secondary enrichment to make rich ores out of them. 
Counterparts of these in the Lake Superior region are relatively 
insignificant, the nearest counterparts being the specular hema- 
tites of the upper parts of the Negaunee formation in the Mar- 
quette district of Michigan, and the hard blue hematite of the 
Soudan iron formation at the Minnesota mine in the Vermilion 
district of Minnesota, but both of these have suffered secondary 
concentration. In each of the sedimentary iron formations of 
Lake Superior there are certain layers originally richer than 
others which have required less secondary enrichment than others 
to make iron ores from them, but in all of them more or less 
conspicuous secondary concentration has been necessary to make 
ores even from the richer layers. Furthermore, the evidence is 
good in the Lake Superior region that the original iron forma- 
tion was deposited dominantly as ferrous compounds (iron 
silicate and carbonate), which have since been oxidized, rather 
than being deposited directly as ferric oxide. 

The porous portions of the jacutinga beds, the leached car- 
bonates and the replacement deposits of manganiferous iron ore 
of the Brazilian field represent a secondary enrichment essentially 
by the leaching of carbonate and silica and by oxidation and 
local transportation of the iron, this secondary concentration 
being similar in all essential respects to that which has produced 
the Lake Superior hematites. In porosity and slumping, due to 
leaching of carbonate and silica, the ores are similar in appear- 
ance to those in the Lake Superior region. They are on the 
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whole much less hydrous and are more crystalline. In the 
Brazilian field the leaching of silica is less extensive, however, 
than in the Lake Superior district, for the reason that the silica 
to be leached is largely in the form of coarse quartz sand and 
locally recrystallized under the influence of dynamic meta- 
morphism and intrusion, each individual presenting relatively 
small surface in proportion to its mass, and therefore being with 
difficulty dissolved by the percolating waters. In the Lake 
Superior iron formation the silica is in the form of fine chert 
presenting large areas in proportion to mass and being leached 
much more readily. The fact that so little of the silica in the 
itabirite has been dissolved and transported may be partly due 
to this. The concentration of the jacutinga is apparently largely 
due to the leaching of carbonate. 

The fragmental ores formed by ordinary processes of weather- 
ing and erosion, probably were at one time present in the Lake 
Superior region in enormous quantities as they are now in Brazil, 
but erosion represented by the pre-Cambrian unconformities and 
glaciation has removed them. The only counterparts of these 
ores in the Lake Superior region to be found now are in con- 
glomerates at the base of series resting on iron formations. 

It thus appears that each of the principal classes of Brazilian 
iron ores has its counterpart in the Lake Superior region and that 
much the same processes of ore concentration have been active in 
both districts, but that the relative effectiveness of these processes 
and their results have differed in the two districts. In the Lake 
Superior district primary sedimentation was not sufficient to pro- 
duce iron ore. Important secondary concentration was the essen- 
tial and controlling factor. In the Brazil region primary sedi- 
mentation produced abundant and rich ores; secondary concen- 
tration was a minor factor, only locally important in developing 


ores. 

It follows, therefore, that in the Lake Superior region the im- 
portant considerations in exploration and study of the ores are 
those relating to secondary concentration. Close attention must 
be given to the wide variety of conditions controlling secondary 
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concentration. In the Brazilian field, on the other hand, condi- 
tions determining secondary concentration are relatively unim- 
portant in the practical study and exploration of the ores. The 
ores are in primary beds and it becomes necessary then simply to 
follow the primary beds and to determine their length, breadth, 
thickness and local variations. Impervious basins, topographic 
conditions, etc., which are so important in determining secondary 
concentration of ores, and which serve as guides for exploration 
in the Lake Superior region are of less consequence in Brazil. 
However, some ores in Brazil have been enriched by secondary 
processes and locally, therefore, the study of the conditions of 
secondary enrichment becomes necessary. Up to the present 
time, exploration based on possibilities of secondary enrichment 
has been practically nil, attention having been given only to the 
high grade massive ores and jacutinga in primary beds, the 
former outcropping conspicuously at the surface, the latter fre- 
quently concealed by canga. The middle and lower slopes under 
which secondary concentration may be effective, are likewise 
largely covered by the canga deposits and the existence of possible 
ores of secondary enrichment in these localities, though unlikely, 
cannot be disproved until drilling is done in this district. 

Iron ores are the most widespread of metallic ores. All 
geological processes have some part in their concentration. As 
new districts are studied, these processes are found to have vary- 
ing importance. The fact that the rich and abundant Lake 
Superior ores owe their formation largely to secondary concen- 
tration of sedimentary beds has led us to the conclusion that 
sedimentary beds of iron ore must necessarily be secondarily con- 
centrated to make them high grade and valuable. Just as we are 
relaxing comfortably into the belief that this is well established, 
we find in the Brazil field that the primary process of sedimenta- 
tion is alone able to produce fully as rich ores as have been made 
by the primary and secondary processes combined in the Lake 
Superior region. 

The study of the origin of sedimentary iron ores has been 
directed toward their secondary alteration to such an extent that 
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little progress has been made in ascertaining precisely the topo- 
graphic, climatic, or other conditions controlling the deposition 
of sediments rich in iron. The proof that there are in Brazil 
beds of iron oxide running up to 2,000 feet in thickness con- 
taining 65 per cent. or more of metallic iron, which were de- 
posited substantially in this form, brings us squarely against a 
problem of sedimentation which requires for its solution much 
more extensive knowledge of the factors which have influenced 
sedimentation of iron-bearing beds in their variable occurrence 
over the world. 
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SOME MODES OF DEPOSITION OF COPPER ORES 
IN BASIC ROCKS. 


WALDEMAR LINDGREN. 


Copper minerals are easily decomposed and dissolved and their 
re-deposition is also readily effected. The ores of this metal are 
particularly frequent in basic igneous rocks and this paper at- 
tempts to classify some of these occurrences. 


NATIVE COPPER WITH ZEOLITES IN BASIC LAVAS: GENERAL 
OCCURRENCE. 


Copper minerals, such as native copper, chalcocite, bornite, 
much more rarely chalcoyprite, and their products of oxidation, 
are often found in flows of basic lavas, mostly basalts. In many 
such cases the ore minerals are associated with minerals of the 
zeolite group, such as analcite, natrolite, stilbite, chabazite, and 
laumontite, and the minerals prehnite and datolite; together 
with these calcite, quartz, chalcedony, chlorite, epidote, and 
adularia may be present, sometimes in predominating quantity ; 
these gangue minerals, together with the copper minerals, by 
preference fill vacuoles or blowholes in the basic rocks. Pyrite 
and sulphides of metals other than copper rarely occur. 

These deposits have been formed near the surface under con- 
ditions which will be discussed in a following paragraph. In no 
way can they be considered as of deep-seated origin. 

Instances of native copper occurring in this manner are plenti- 
ful, though not always of economic importance. Among the 
numerous cases the following may be mentioned: The Faeroe 
Islands,’ north of Scotland; from Sterling,? in the latter country ; 
from Oberstein a. d. Nahe,? Germany; from Sao Paulo,’ Brazil; 


*Cornu, F., Z. f. prakt. Geol., —, 1907, 321. 

? Hintze, “ Handl. d. Mineral,” 1808. 

® Hussak, E., Centralblatt f. Min., 1906, p. 333. (No zeolites; copper between 
the peripheral covering of the amygdules, consisting of an iron silicate and 
the filling of chalcedony.) 


687 


= 
4 
- 
3 


688 WALDEMAR LINDGREN. 


from augite porphyry in the Kristiania region,’ Norway; from 
the Triassic “ traps’”’ of New Jersey? and Connecticut ; from New 
Guinea;* from the Transbaikalian provinces* on the Dochida 
River ; from the Bay of Fundy,5 Newfoundland. The first six of 
these occurrences have not been worked as copper deposits. The 
latter four are of some economic importance. 

The pre-Cambrian series of amygdaloids in the Lake Superior 
region contain the most prominent example of this class of 
deposits in the world. 

In Eastern Oregon,® about twenty miles east of Baker City, 
and along the Snake River Canyon, opposite the Seven Devil’s 
Mountains in Idaho, are extensive areas covered by a basaltic 
amygdaloid flow of Jurassic or Triassic age. These contain 
sparsely disseminated or in places along obscure fracture zones 
native copper and chalcocite, in association with epidote, chlorite, 
calcite, and zeolites. The ores are of low grade and have not as 
yet been worked with profit. 

Another case of interest has recently been Besosuaa by Adolph 
Knopf‘ from the White River region in Alaska. The basaltic 
amygdaloids, with tuffs and breccias, are interbedded with sedi- 
ments of Carboniferous age and have probably been erupted in 
part under submarine conditions. Placer copper is common in 
the creeks, and some large masses have been found. 

The copper minerals are chalcocite, chalcopyrite, and native 
metal in stringers and seams with prehnite, laumontite, thom- 
sonite, and calcite; also native copper with zeolites filling blow- 
holes in reddish, highly amygdaloid lava. 

These statements will serve to show that the zeolitic copper 

*Vogt, J. H. L, Z. f. prakt. Geol., 7, 1899, 12. 

* Lewis, Volney, Ann. Rept. Geol. Surv. New Jersey, 1907, p. 157, 165. 

* Beck, R., “ Lehre v. d. Erzlagerstatten,” 1900, I., 345. 

‘Tbid., p. 346. Z. f. prakt. Geol., 9, 1901, 391. (With opal, chalcedony, 
calcite, epidote, and prehnite.) 

S Ells, R. W., “Copper in the Provinces of Nova Scotia, New Brunswick, 
and Quebec,” Can. Geol. Surv., Min, Res. Can., 1904, 58 pp. 

*Lindgren, W., “The Gold Belt of the Blue Mountains of Oregon,” 22d 


Ann. Rept., U. S. Geol. Survey, Pt. 2. 
"Knopf, Adolph, Economic Grotocy, 5, 1910, pp. 247-256. 
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deposits in basaltic lavas represent a type of world-wide distribu- 
tion; the same processes of concentration are evidently applicable 
to all cases. 


ORIGIN OF THE ZEOLITIC COPPER ORES. 


General Statement.—Basic igneous rocks such as gabbro, 
diabase, basalt, some andesites and basaltic flows designated as 
melaphyres or amygdaloids probably always contain copper, in 
some cases as much as 0.1 or 0.2 per cent., more commonly 
about 0.02 per cent. of the metal. According to Volney Lewis 
and IF. F. Grout it is probably present as a silicate, possibly in 
part as a sulphide, such as bornite or chalcocite. A fresh sample 
of Columbia River Basalt from the Dalles, Oregon contained, 
according to the analysis of R. C. Wells of the U. S. Geological 
Survey, 0.034 per cent. metallic copper. 

I believe that the metal is almost wholly present as a silicate 
in effusive rocks, while in intrusive rocks a part of the copper 
is held as a sulphide. As shown by W. Maxwell in his work on 
Hawaiian lavas and soils the sulphur escapes in large quantities 
from basalts during eruption. In the intrusive rocks this sulphur 
is retained. 

The minute quantity of copper may become concentrated to 
valuable deposits in various ways; there is no reason to doubt 
that this can be effected at a certain depth below the surface 
by circulating waters of atmospheric origin, or by ascending 
currents of thermal waters of deep-seated origin, or during 
regional metamorphism in the zone of combined fracture and 
flow. It is believed that any of these processes may result in 
copper deposits, but that few of them will be particularly ex- 
tensive or valuable. 

In many flows of basaltic rock the expansion of gases has 
produced vacuoles or blowholes; these have subsequently been 
filled by chlorite, epidote, calcite, quartz, and zeolites. Such 
rocks are often designated as amygdaloids or melaphyres and in 
connection with the minerals mentioned native copper, bornite, 
chalcocite, or copper arsenides are often found. The develop- 
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ment of the copper minerals here stands in intimate connection 
with the zeolitization and it will first be necessary to devote some 
space to a consideration of this process. 

The Occurrence of Zeolites, and the Process of Zeolitization.— 
The zeolites are mainly aluminumi-calcium silicates with a large 
percentage—from 8 to 15 per cent. of water of hydration. 
Sodium or sometimes potassium may replace part of the calcium, 
and barium or strontium are present in some cases. Magnesium 
does not usually enter into their composition, but enters into the 
associated chloritic minerals. 

Analcite, a sodium aluminum silicate with only 8 per cent. 
H,O is also considered to belong to the zeolites. Prelinite. 
H,Ca,Al,S1,0,., with 4.37 per cent. H,O, and Datolite, 
H,Ca,B,Si,O,,, with 5.63 per cent. H,O do not strictly belong 
to the zeolites, but are commonly associated with then. The 
most common zeolites are natrolite, desmine, chabazite, apo- 
phyllite, thomsonite, and laumontite. 

The zeolites are noted for the ease by which metals can be 
substituted in their composition. F. W. Clarke and George 
Steiger,’ for instance, obtained an ammonium analcite by heating 
the mineral in a sealed tube with ammonium chloride. 

The zeolites can be easily produced by synthesis at tempera- 
tures of from 100° to 500°C. Some of them, like apophyllite, 
are soluble in water with or without CO, or Na,CO, at 180°- 
189° C. at a pressure of 10-12 atmospheres, crystallizing again 
after cooling. Chabazite was recrystallized in closed tube by 
Doelter at 150° C., also in fluid CO, at 30° C. Datolite and 
prehnite are less easily reproduced. 

The different modes of occurrence of zeolites may be classified 
as follows :* 

1. Most common filling amygdules and veins in flows of basic 
lavas. This is the most common occurrence, illustrated by the 
Lake Superior rocks, the traps of Deccan in India, the basaltic 
rocks of Faeroe Islands, the Golden, Colorado, basalts and hun- 


*Clarke, F. W., and Steiger, George, Bull. U. S. Geol. Survey, No. 207, 
1902. 
* References generally from Hintze's “ Mineralogy.” 
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dreds of other well-known occurrences. The zeolites are asso- 
ciated with quartz, chloritic minerals, calcite, and sometimes 
epidote. 

2. Filling miarolitic cavities in granite and here probably 
formed shortly after the consolidation of the rock. 

3. In pegmatite dikes as products of the last epoch of crystal- 
lization (Brogger, Z. f. Kryst. and Min., Bd. 16). 

4. As veins or coatings of joint planes in granite or gneiss 
or various volcanic rocks; here associated with calcite and some- 
times amethystine quartz. Occasionally with albite. In gneiss 
of Washington, D. C. (Merrill, G. P., oral communication). In 
granite quarries of New England States (Nelson Dale, Bull. U. 
S. Geol. Survey, No. 313, pp. 51-52, Bull. U. S. Geol. Survey, 
No. 354, p. 210). Freiberg, Saxony, at Thurmhof and Him- 
melsfiist shafts. In andesite tuff of the San Juan Mountains, 
Colorado. This mode of occurrence is rather rare. 

5. In contact metamorphic rocks, especially limestone, and ore 
deposits in them. Iron mines of the Banat province, Austria; 
Goroblagodat in the Ural Mountains; Rezbanya, Hungary; 
Schwartzenberg, Saxony; Velardena, Mexico; this mode of oc- 
currence is also rather rare. 

6. In deposits of magnetite and pyrrhotite, probably in part of 
contact metamorphic origin; Tilly Foster mine, New York; 
Nédebré, Norway; Ut6 and Pajsberg, Grangesberg, Sweden; 
Bodenmais, Bavaria. 

7. In the so-called Alpine type of veins, common in Switzer- 
land, Tyrol, and the French Alps. With quartz, adularia, and 
many rare and well crystallized minerals. 

8. In mineral veins associated with sulphides. Very rare and 
mainly as last products of crystallization. Few localities known, 
most prominent among them Andreasberg in the Harz, Ger- 
many; Kongsberg, Norway; Guanajuato, Mexico; Arqueros, 
and Rodaito, Chile. 

9. In quicksilver deposits. Only locally recorded in New 
Almaden, California (apophyllite, with bitumen). 
to. As products of deposition of hot springs at their orifices. 
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In Roman brickwork at Plombiéres (apophyllite, scolecite, 
chabazite) ; Bourbonne-les-Bains (chabazite) ; Luxeuil (chaba- 
zite); Oran, Algeria (chabazite). (A. Daubrée, ‘Les caux 
souterraines aux epoques anciennes.” Paris, 1887, p. 34.) At 
Plombiéres the springs have a temperature of 70° C.; at Luxeuil 
46°; at Bourbonne-les-Bains 68°. Hunter Hot Springs, Mon- 
tana (stilbite) ; Boulder Hot Springs, Montana (stilbite).? 

11. In dredgings of deep sea mud in the Pacific phillipsite has 
frequently been found. 

Of all these occurrences the most abundant and conspicuous is 
that in the blowholes of volcanic flows. 

Undoubtedly zeolites may form at low temperatures, as shown 
by the occurrence of one species in the deep-sea mud. It is 
evidently largely a question of time and concentration, pressure 
being probably of less importance. The ranges of stability of 
the various zeolites may differ considerably. C. Doelter? be- 
lieves that the limits for the development of analcite lie between 
180° and 440° C., for natrolite he thinks they are considerably 
lower, say from 0° up to 180°C. Experimentally the latter min- 
eral has been obtained at a temperature as low as 90°C. It is 
probable that datolite and prehnite and adularia do not develop (in 
this limited time) at temperatures much lower than 100° C. and 
in view of the common association of zeolites with these minerals, 
the latter mineral group may be considered as having more com- 
monly been formed above 100° C. than below that temperature. 

It has been shown that the zeolites in many instances of occur- 
rence form immediately after the consolidation of a magma, as 
the last phase of its consolidation; their mode of appearance in 
pegmatite dikes and close to igneous contents points plainly to 
this. 

Furthermore, they seem to require stagnant, quiet conditions, 
such as prevailed in cooling bodies or in rocks impregnated with 
warm water, as in the Roman brickwork at Plombiéres. Their 


‘Weed, W. H., Bull. U. S. Geol. Surv. 260, pp. 298-604; Ann. Rept. U. S. 
Geol. Surv. 21, II, pp. 227-255. 

* Doelter, C., “ Minerogenese und Stabilitits felder der Mineralien,” Tsch. 
M. and P. Mitt., 25, 1906, 79-112. 
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remarkable absence from mineral veins shows that swiftly mov- 
ing or ascending water is distinctly unfavorable for their develop- 
ment. 

The accepted authorities are more or less vague in their state- 
ments as to the formation of zeolites, especially in amygdaloid 
rocks. The most common statement is that these minerals are 
due to percolating waters or even to weathering. It may be re- 
called that it has even been suggested that they may form in the 
soil. Van Hise considers them to be formed in the zone of 
cementation by descending surface waters, and also by similar 
waters percolating lava flows and extracting the material for the 
zeolitization from the rock itself.1 

Zeolites are manifestly unstable in the zone of weathering and 
must have been formed at some depth. Of late years the opinion 
has been gaining ground? that zeolitization, in basic volcanic 
rocks is distinctly connected with the cooling processes and in 
fact should be regarded as an after effect of vulcanism, their 
deposition taking place in the still hot rocks. 

That zeolitization is far from being simply an effect of the 
leaching of surface waters is shown by the absence of the zeolites 
from large areas of basic flows, many of them full of vacuoles 
or blowholes. None have been recorded from the Hawaiian 
flows, apparently well suited for their deposition. Nor do 
zeolites occur in the extensive flows of the Columbia lava in 
Oregon and Washington.* There are, therefore, certain condi- 
tions—not yet fully elucidated—which are necessary for the 
deposition of zeolites. It is probable that their development 
would be greatly furthered if the eruption of the effusive rock 
took place under water; the sea water would cool the surface of 
the flow and a slow downward movement would be caused in the 
porous rock. Besides this would give rise to a system cool at 

*Van Hise, C. R., Mon. U. S. Geol. Survey, No. 47, —, pp. 333 and 633. 

* Lewis, Volney, Ann, Rept. State Geol. New Jersey, 1907, p. 167. Harker, 
Alfred, “The Natural History of Igneous Rocks,” 1909, p. 308. Knopf, 
Adolph, Economic Grotocy, 5, 1910, pp. 247-256. 


* According to Mr. F. C. Calkins (oral communication) zolites were found 
at one locality in these lavas in the John Day region. 
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one end, hot at the other, in which very slow circulation would 
be set up; and this might be competent to effect concentration. 

There are many reasons for believing that zeolitization fol- 
lowed closely upon eruption. One of the most convincing proofs 
has been given by Knopf, who states! that a sheet of amygdaloid 
rock with copper is covered by a coarse pyroclastic bed, the 
breccias of which include fragments of the amygdaloid proving 
that the filling of the vacuoles took place during the interval 
between successive extrusions of lava. In places—for instance 
where the cupriferous zeolites occur in fissures—it is likely that 
there was a longer interval, but in all cases the infilling was 
probably accomplished before the cooling of the rock. 

Knopf? has justly stated that “any theory accounting satis- 
factorily for the zeolites will also account for the copper.” 
There is surely just as much of a concentrating process involved 
in obtaining fluorine for aprophyllite, boron for datolite, or 
barium for harmtrome as there is to produce an ore with 2 per 
cent. copper from an amygdaloid containing 0.02 per cent. of 
the metal. 

Following Lane, I believe that sea water mingling with the 
exhalations from the magma decomposed the copper silicate, con- 
tained in the pyroxenes, and that the resulting chlorides of iron 
and copper were decomposed by silicates or carbonates of cal- 
cium with formations of native copper, ferric-oxide, and calcium 
chloride. 


COPPER SULPHIDE VEINS “BASIC. LAVAS. 


General Features—In many cases conditions were evidently 
unfavorable for the development of zeolites and the concentra- 
tion of copper immediately after the eruption; and the rocks 
retained their copper until later opportunities for ore formations 
were offered. The existence of vast masses of such basic lavas 
near the surface without any indication of copper deposits (e. g., 
the Columbia River lava or the Hawaiian volcanoes) shows 
rather plainly that the ordinary surface waters at slight depth 


* Knopf, Adolph, /. p. 251. 
* Knopf, Adolph, /. c., p. 253. 
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are not competent to dissolve and concentrate accessory metals. 
\ depth of perhaps a few thousand feet seems to be necessary to 
extract the copper by waters of meteoric origin under the most 
favorable conditions, though it is, of course, well possible that 
such waters, when ascending in suitable channels, may deposit 
the dissolved copper in higher horizons. In some of the veins 
here discussed epidote is present, but more frequently it is 
absent, and the veins then assume the well known type of chal- 
copyrite in quartz-calcite-siderite gangue. In many occurrences 
such veins, deposited by ascending surface waters of the deeper 
circulation, may not be easy to distinguish from those whose 
development is a phase of intrusive after-effects. Nor can it be 
denied that some gold and silver may be leached from the igneous 
rock; in general these veins will be found much poorer in gold 
and silver than deposits connected with the intrusive processes. 

Whether native copper, bornite, or chalcopyrite will form 
seems to be dependent upon the quantity of sulphur which the 
lavas were able to retain at their eruption. 

The Nicolai Greenstone.—The deposits of the Nicolai green- 
stones of the Copper River region, described by F. C. Schrader, 
W. C. Mendenhall, A. C. Spencer, and lately by Moffitt and 
Maddren,’ are of special interest. Flows of Triassic or Carbon- 
iferous basalts, about 4,000 feet in thickness, are covered by 
2,000 feet of Triassic limestone, which again is overlain by a 
thick series of Jurassic strata. The latter are cut by monzonitic 
intrusives, which are accompanied by a different kind of metal- 
lization in which gold deposits are prominent. 

The Nicolai greenstones are amygdaloid flows of basalt; the 
amygdules contain scarcely any zeolites, but are filled with 
chlorite, with some chalcedony and quartz and carry no copper. 
Copper sulphides are extremely common in the flows, but occur 
in slips, brecciated zones, and faults. The minerals are chal- 
copyrite, pyrite, bornite, with calcite and a little quartz; there is 
some epidote, not always present. 


* Moffitt, F. H., and Maddren, A. G., “ Mineral Resources of the Kotsina- 
Chitina Region, Alaska.” Bull, U. S. Geol. Survey, No. 374, 1900. 
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One of the fissure zones extends up into the Triassic lime- 
stone above the greenstone. In the latter a little bornite and 
chalcocite appears and the zone cuts across an older series of 
quartz-epidote veins carrying the same two sulphides with a little 
native copper. In the limestone the fissure zone develops into 
a remarkable and valuable deposit worked in the Bonanza mine. 
It is an almost solid body of massive chalcocite with conchoidal 
fracture, traced for 400 feet and with greatest width of 25 feet; 
its depth is apparently limited. There are no gangue minerals 
and the limestone adjoining the chalcocite is not altered. 

No one may doubt that the ores characteristic of the Nicolai 
greenstones are derived from the rock itself. The copper de- 
posits were probably mainly formed after the Triassic limestone 
had been laid down, and everything points to the conclusion that 
waters of atmospheric origin did the work. 

No intrusive rocks are present; there is no dynamometamor- 
phism nor anything indicating deposition at temperatures much 
above 100° C.; more probably it was considerably below that 
figure. The chalcocite of the Bonanza mine alters superficially 
to covellite and copper carbonates; there is no evidence that it 
has replaced pyrite and it is in all probability of primary origin. 
To trace the chemical reactions involving the replacement of 
calcium carbonate by chalcocite is scarcely possible in the present 
state of our knowledge. If the waters were of superficial origin 
they must have descended through limestones and shales in which 
they would have acquired chlorides, sulphates, carbonates, carbon 
dioxide, and hydrogen sulphide, and would be competent to dis- 
solve copper from the greenstones which they traversed. 


COPPER SULPHIDE VEINS IN INTRUSIVE BASIC ROCKS. 


Veins containing pyrite, chalcopyrite, occasionally with other 
sulphides, in gangue of quartz, calcite, dolomite, and siderite, 
more commonly quartz alone, are common enough in intrusive 
basic rocks, such as diabase or gabbro. Here, however, the dis- 
tinction between the results achieved by water of atmospheric 
origin and those by magmatic solutions became increasingly diffi- 
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cult, unless we are able to correlate the formation of the veins 
with the epoch of intrusion by means of mineralogical or struc- 
tural criteria. 

F, E. Wright! has pointed out the occurrence, in the intrusive 
Keweenawan gabbro of Mt. Bohemia, of veins with chalcopyrite, 
bornite, chalcocite, calcite, and quartz; while in the surface lavas 
of the same series native copper is the principal ore mineral. 
This seems an excellent illustration of the retention of volatile 
sulphur by intrusives, contrasted to its escape from the extrusive 
flows. The origin of the water which was the vehicle of deposi- 
tion in these veins may remain an open question. 

Along the foothills of the Sierra Nevada of California extends 
a belt of andesitic rocks of Jurassic age collectively called “ Green- 
stones.” They consist of massive and schistose rocks, surface 
flows, tuffs, and intrusions mixed. Within this belt, for instance 
in Yuba and Nevada counties, short and irregular quartz veins 
with pyrite and chalcopyrite are rather common. Probably these 
veins derived their copper from the greenstones, and undoubtedly 
they were formed at a time when the rocks now exposed were 
covered by several thousand feet of overlying and now eroded 
igneous rocks. 

Other deposits such as those at the Dairy Farm in Placer 
County and Campo Seco in Calaveras County are, according to 
A. Knopf,? replacement deposits along shear zones in the same 
belt of amphibolites and other greenstones. The minerals are 
pyrite and chalcopyrite with a trifle of galena and zincblende 
associated with quartz, calcite, epidote, chalcedony, and in one 
case zeolites. The sulphides contain a little silver and a trace 
of gold. Similar are the so-called “iron belts” of pyrite and 
chalcopyrite in the Ophir mining district of gold-silver quartz 
veins in Placer County.* They are contained in amphibolite, but 

*Wright, F. E., “The Intrusive Rocks of Mount Bohemia, Michigan.” 
Ann. Rept. Geol. Surv. Mich., 7, 1908. 

* Knopf, A., “ Notes on the Foothill Copper Belt of the Sierra Nevada.” 


Univ. Cal. Bull., Dept. Geol., Vol. 4, No. 17, 1906, pp. 411-421. 
* Lindgren, W., 14th Ann. Rept., U. S. Geol. Survey, 1895, pp. 262-264. 
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do not always extend parallel to the schistosity; the width is up 
to 400 feet, the length up to half a mile. No shear planes are 
visible along these zones. They enrich the distinctly later gold 
quartz veins which cross them. The sulphides are associated with 
the amphibole, epidote, feldspar, and quartz of the amphibolites 
and are often intergrown with magnetite or ilmenite. In the 
paper referred to they were interpreted as concentrations of cop- 
per from the surrounding rocks and formed by the chemical 
action during the progress of the dynamic metamorphism which 
produced amphibolites from primary diabasic rocks. 

Some of those copper deposits may rather belong under the 
heading of dynamo-metamorphic deposits. The origin of the 
water is open to debate. Possibly a slight amount moving very 
slowly might suffice. Deposits containing magnetite and ilmenite 
may have been formed at fairly high temperatures. 

Other and much larger copper deposits are found in the same 
region, on the north in Shasta County and on the south in Cala- 
veras County, but at both places the evidence points fairly clearly 
to an origin by solutions derived directly from the magma. 

From the Encampment district, Wyoming, A. C. Spencer 
describes deposits of primary chalcopyrite (enriched by chalco- 
citization) of probably pre-Cambrian age. The metallization is 
localized in shattered zones in quartzite, or between quartzite and 
schist, close to intrusives of gabbro or diorite, which contain 
copper, sometimes visible as chalcopyrite. 

Spencer gives several good structural reasons indicating that 
the depositing waters were ascending and believes that the copper 
was leached from the cupriferous gabbro. The minerals present 
do not indicate specially high temperatures ; although the deposits 
were formed at considerable depth, as shown by the flexing of 
the schist bands, the quartzite was decidedly in its zone of 
fracture. 

In northern Yuma County, in Arizona, occur numerous, but 
rarely rich deposits of chalcopyrite, pyrite, and specularite. Ac- 
cording to the description by H. Bancroft they are contained 

* Bancroft, H., Bull. U. S. Geol. Survey, No. —, rorr. 
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in a probable pre-Cambrian conformable series of limestones, 
clay-slates, and amphibolites, the latter chloritized in part. There 
are few gangue minerals other than a little quartz, chlorite, and 
epidote ; sometimes a little gold and silver is present. The ores 
generally appear as replacements of limestone close to the con- 
tact with amphibolites and are of irregular form. 

1 In the absence of later intrusions it is difficult to avoid the 
: conclusion that the copper and hematite are leached from the 
amphibolites during metamorphism. Following Van Hise, Ban- 
croft suggests a concentration by water of dehydration from the 
rocks. As the latter, however, have never been in the deeper 
zone of flowage and passageways for the waters probably always 
existed, and as the limestones are not recrystallized in marked 
degree, and as finally the amphibolites are markedly hydrated by 
chloritization, it is doubtful whether this explanation of the 
origin of the concentration water is tenable. 


O 


OTHER VEINS DEPOSITED BY WATERS OF THE 
UPPER CIRCULATION. 

The competency of circulation of certain kinds of atmospheric 
waters to form many mineral deposits can not be questioned. 
d Nevertheless the fact stands firm that the ordinary type of 
surface waters, even in slightly heated ascending currents, do not 
form mineral deposits even under conditions when they might be 
‘ expected, as in the Alps for instance. There are, however, other 
cases, particularly in the region of the saline Paleozoic and Meso- 


: zoic beds of Central Germany, where such deposition appears to. 
2 have taken place. Veins of this origin are likely to contain an 
f abundant gangue of calcite, dolomite, or barite, with some quartz 
f and a scant amount of sulphides.! 

The sweeping generalizations of F. Hornung and his interpre- 
it tation of all of the mineral veins of the Harz Mountains as being 
4 formed by inter-Permian brines can not be accepted, but it is not 
4 improbable that he is correct in believing that many barite and 


*Krusch, P., “Ueber die Zusammensetzung der Westfalischen, Spalten- 
wisser.” Z. prakt. Geol., 12, 1904, 252. 
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hematite veins have had this origin.1 In connection with this K. 
Ochsenius* showed that solutions containing 2.59 per cent. NaCl, 
3.16 per cent. MgCl., and 1.85 per cent. MgSO, decomposed chal- 
copyrite, and chalcocite at room temperature. This action is slow 
and only noticeable after several years. Galena was not dissolved. 

Similar cases of ore deposition by saline waters also exist in 
the western part of the United States; the best examples are fur- 
nished by the chalcocite ores of the “Red Beds” of the south- 
western states.* The prevailing influence of igneous intrusions 
on ore deposition is, however, so strong that it is difficult to estab- 
lish the proofs of the less conspicuous deposition by purely 
meteoric water. 

That the ordinary surface waters are in most cases quite incom- 
petent to effect concentration is plainly shown by the lack of im- 
portant mineralization in fissures and joints cutting the rocks of 
mining districts. In the Globe District, Arizona, for instance, 
the Paleozoic rocks are intersected by a network of dislocations 
which would offer excellent paths for the waters; and yet the 
important deposits are in no way connected with these fractures. 
Similarly “cross courses” often fault the gold quartz veins of 
California and yet they are, as a rule, absolutely barren, often 
open fissures. 


*“Ursprung und Alter des Schwerspates and der Erze im Harze,” Z. d. 
deut. geol. ges., 57, 1905, 291-360. 

* Ibidem, pp. 567. 

Lindgren, Economic GroLocy, 1911, —. 
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DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 


Sir: In your Journal for April-May of this year there is an 
interesting article by F. C. Lincoln on “Certain Natural Associa- 
tions of Gold” in which he brings together a large amount of 
useful information on the conditions under which gold is found 
to occur in different places and in the different rocks throughout 
the world. 

My high appreciation of the value of such a paper is my 
excuse for writing this letter. 

On page 273 the statement is made that “The gold in the 
fabulously rich Klondike District only represented a saving of 
about 2 cents per ton of rock eroded,” and a reference is given 
for this statement to a paper by Mr. Lincoln in the Engineering 
and Mining Journal, Volume 91, 1911, page 470. Turning to 
this paper, the following statement is the one evidently referred 
to: “The gold in both terrace and valley gravels was derived 
from the veins and stringers in the schists, mainly by mechanical 
concentration. The amount of gold per ton which the schists 
must have contained to produce the gravels has been estimated 
by Tyrrell. Correcting his estimate to agree with the figures 
for production given above ($285,000,000), the result might 
have been produced by the concentration of schists containing 
only 0.19 c. in gold per ton of rock.” 

Disregarding the question of gold production of the Klondike, 
which is relatively a slight matter, but on which I agree with the 
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figures of the United States and Canadian Governments rather 
than those given by Mr. Lincoln, my statement is as follows: 
“A thickness of goo feet over an area of 800 square miles would 
equal a mass of 136 cubic miles or 1,600,000,000,000 tons of 
rock. This is therefore the quantity of rock that was removed 
by denudation, and from which 10,000,000 ounces of gold was 
washed and concentrated into the Klondike placers, and it repre- 
sents an average gold content of 0.003 grains or 0.013 cents to 
the ton of the original rock in place.” From the above it will 
be seen that the actual figures should be .o2 (or one fiftieth) of 
a cent per ton, according to Mr. Lincoln’s estimate of production, 
or, adopting my figures, .o13 (approximately one seventy-fifth) 
of a cent per ton. 

In this connection, it may be of interest to point out that the 
natural concentration of gold from the rocks of the Klondike 
district into placers is probably one of the best pieces of evidence 
so far produced of the actual quantity of gold-which is present in 
a particular mass of the rocks of the earth’s crust, for as far 
as I know no other similar computation has been made of the 
gold collected from such a large quantity of rock. Assuming 
that only % of the gold originally present in. the rock was col- 
lected in the Placers of the present streams, this would give a 
value of %;5 of a cent per ton of gold in the original rock itself. 

These figures would seem to me to be very much nearer the 
truth for an average gold content of the igneous and metamorphic 
rocks of the earth’s crust than a gold content of three and a half 
cents per ton of rock, as given by Mr. Lincoln. If rocks con- 
taining the quantity of gold last stated should have undergone 
surface decomposition, as has occurred in very many places, they 
might readily form valuable gold mining properties which could 
be dredged at a profit, for in Bulletin No. 57 on “‘ Gold Dredging 
in California” issued last year by the California State Mining 
Bureau, it is stated (p. 102) that thirty-six dredges in the State 
worked at a total cost of less than 5.25 cents a cubic yard (equal 


*“Concentration of Gold in the Klondike,” by J. B. Tyrrell, Economic 
Grotocy, Vol. II., No. 4, 1907, pp. 343-349. 
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to 3.50 cents to the ton). Twenty-five of these worked at a total 
cost of less than three and a half cents a cubic yard (equal to 
2.34 cents a ton) and one worked as low as 1.6 cents a cubic 
yard or 1.07 cents a ton. 

J. B. Tyrre.. 


THE TEACHING OF ECONOMIC GEOLOGY TO 
MINING ENGINEERS. 


Sir: In the course of the last few years there has arisen in the 
writer’s mind a question on the above subject that seems worthy 
of general discussion. A symposium of the views of prominent 
teachers of economic geology was indeed published in the first 
volume of this journal, but the opinions advanced therein either 
applied to courses intended for men specializing in geology, or 
were of a general nature and did not deal very specifically with 
the work actually given in certain courses. The subject of this 
letter is very definite, and concerns the proportion of the three 
hour course in “ore-deposits” or “economic geology” given in 
most schools of mining engineering, that should be devoted to 
detailed study of important producing districts. For the pur- 
pose of pointing the discussion the writer will state one side 
of the case positively, but it should be understood that the diffi- 
culties of the question are appreciated, and that it is in the hope 
of getting an exchange of views that this letter is written. 

The average course in mining engineering prescribes, besides 
thorough work in mineralogy, general geology, and petrology, 
a course of three hours for two semesters which deals with the 
economic minerals, both metallic and non-metallic. In some 
cases the work may be divided into two or more separate courses, 
but the amount of time given to economic geology properly 
so called is usually about the same. Judging from the syllabi 
and outlines of these courses which the writer has seen, and from 
what he has gathered in talks with young mining engineers, it is 
customary to give rather full discussion to the origin and struc- 
ture of coal beds and ore-bodies, but to spend much more than 
half the time on descriptions of the geology and valuable deposits 
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of important districts. It seems that there are the best of reasons 
for reversing this allotment of time, and that the study of 
separate districts might have much less importance attached to 
it than at present. 

It is an impossibility for the average man to retain for any 
length of time even a small amount of the detailed geology of the 
various ore occurrences in the United States until he has either 
visited them in person or constantly referred to them in years of 
study of economic geology. Any attempt to learn the geology 
of the important mining districts of this country in a three hour 
undergraduate course can leave in the mind of the average 
student only a few facts, often fragmentary and disjointed, and 
confessedly unreliable. Many mining engineering students pass 
creditably examinations made up largely of such questions as 
“Discuss the geology and ore-deposits of Leadville” or ‘“ De- 
scribe the ore-deposits of Bingham, Utah”; yet few of these 
students three months after graduation could go into many 
districts with any clear and valuable idea of what geological 
conditions they would meet. Moreover, even if it were possible 
for a man to remember the facts for the various regions as taught 
him in school, these facts would often be valueless within a year, 
so rapid are the changes in, mining conditions. Indeed it is 
often impossible for the most energetic teachers to lay before 
their students any but outgrown statements about some districts. 
The ore-bodies as worked at Butte at the present day are far 
different from any description in print; late articles on the 
Cceur d’Alenes are now out of date in many respects; and sudden 
changes in values such as occurred recently at Leadville are of 
frequent occurrence, but knowledge of. them is not always as 
promptly disseminated. The reader has only to recall the many 
times he has carefully prepared for visiting a mining camp by 
reading the literature on the district, only to have to readjust his 
ideas materially after a short talk with a local manager, to realize 
how much of the matter given students of economic geology will 
be valueless a few years after graduation, cven if remembered. 

Of course it is true that reading of the geological conditions 
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and ore occurrences at many places is the next best thing to 
actually visiting important districts, and that general principles 
become more firmly fixed by noting their application to specific 
occurrences. But the writer’s belief is that these results can be 
obtained in much less time by cutting down to a minimum the 
details of local geology, and emphasizing only the features that 
illustrate principles of ore deposition that are of general applica- 
tion. The topography and structure of the Mosquito Range, 
the exact age of the sediments, and the petrography of the 
porphyries at Leadville are chiefly of local interest, yet in many 
classes in economic geology much stress is laid upon them, and 
the students learn —and promptly forget them. The essential 
things, the occurrence of great irregular bodies of replacement 
ore, the changes that take place with depth, etc., are often hope- 
lessly intermingled with the details and forgotten with them. 

The time thus given to learning local topography and geology 
might be more profitably used in attention to the theories of ore 
deposition, to practical means of recognizing secondary enrich- 
ment, etc., and to practice in use of the literature. Moreover, 
laboratory work in economic geology is of great value. Many 
students, well grounded in mineralogy and petrography, are hope- 
lessly at sea when given the nondescript masses of mineral form- 
ing certain ores, or the highly altered rocks characteristic of 
mineralized zones. Few mining engineers are graduated with 
any practice in determining paragenesis, post-mineral fractures, 
etc., and few are familiar from much handling of specimens 
with the various clews to ore genesis often shown by well- 
selected samples. 

For the purpose of emphasis the above is a somewhat one-sided 
statement of the case, and the writer is not blind to the ad- 
vantages of detailed study of a certain number of districts. He 
also realizes that all instructors know the value of the other 
phases of work mentioned, but he believes that there is still a 
tendency to devote to the geographic and descriptive sides of 
the subject time that could more profitably be given to laboratory 
work and a detailed study of general principles such as is usually 
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given only in advanced courses for specialists. The best test 

of the validity of this belief is the experience of mining engi- 

neers themselves, and the opinion of those with whom the writer 

has talked seems to confirm it. A further discussion will be 

welcomed by all those teachers of economic geology who are 

puzzling over what to teach in the short time at their disposal. 
C. A. Stewart. 
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Die Kontactmetamorphose im Kristianiagebiet. By V.M. Go_pscuMipr. 
(Videnskapsselskapets Skrifter. I. Mat.-Naturv. Klasse. 1911. No. 
1.) Kristiania, 1911. 483 pp. with numerous illustrations. 


Goldschmidt’s work adds another fine monograph to the series that 
has made the Kristiania region classic ground for the geologist. 
Although not devoted primarily to ore deposits, it nevertheless is of great 
significance to students of ore genesis. 

The general geological relations are briefly as follows: Cambrian, 
Silurian and Devonian sediments were laid down on a peneplain of 
Archean rocks and were subsequently intruded by a series of eruptive 
rocks ranging from basic essexites to granites. The igneous masses are 
mainly laccolithic and their eruption was accompanied by extrusive 
lavas that poured out over the Devonian sediments. During this period 
of eruptive activity an area over 200 kilometers long, stretching nearly 
north and south, and some 50 kilometers wide, subsided with peripheral 
faulting, so that the igneous rocks and associated sediments are now.set 
as a great inlay into the Archean crystalline terrane of the Scandinavian 
peninsula. The present work is concerned chiefly with the metamor- 
phism of the Paleozoic sediments by the intruded igneous rocks. The 
conditions for such study are exceptionally favorable in that the con- 
tact effects are not complicated or obscured by general regional meta- 
morphism. 

The author, after outlining the local geologic features of the various 
contact zones, proceeds to the petrographic description of the meta- 
morphic rocks. He distinguishes two kinds of metamorphism: (1) That 
of the inner zone, or normal contact metamorphism. (2) That of the 
outer zone, or pneumatolytic contact metamorphism. 

In the normal contact metamorphism there is only inconsiderable 
addition of material to the metamorphosed rock, the change being essen- 
tially a process of recrystallization of the original shales to hornfels or 
of limestone to marble. The typical hornfels is a biotite-bearing plagio- 
clase-diopside rock with gray-green pyroxene. Goldschmidt reaches the 
conclusion that this metamorphism took place at a depth of about 1,500 
meters or under a pressure of 400 atmospheres. He estimates that the 
temperature must have been above 1000° C. but generally below 1200° C. 
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This kind of metamorphism is believed to have been effected before the 
magma began to solidify and without any notable fusion of the invaded 
rocks. The effective agent of metamorphism was water-gas but there 
has been no addition of water to the sediments and Goldschmidt con- 
siders that the water originally in the sediments was ample for the pur- 
pose. In other words, there is no evidence that water was expelled from 
the magma. The various kinds of hornfels characteristic of normal 
contact metamorphism from clay shale, calcareous shale and marly lime- 
stone are grouped in 10 mineralogical classes, the compositions of which 
are discussed as exemplifying the operation of a modified form of 
Gibb’s phase rule. 

The outer or pneumatolytic contact zone is of later origin than the 
normal contact zone and is probably connected with the crystallization 
of the magma. Indeed there is evidence that in places the peripheral 
parts of the igneous mass were solid and were themselves affected by 
this kind of metamorphism. Characteristic features of the pneumato- 
lytic zone are the addition of large quantities of material that has been 
expelled from the solidifying magma and the presence of amphibole and 
andradite instead of pyroxene and grossularite. Among the constituents 
added may be mentioned the metals, alkalies, chlorine, fluorine and 
sulfur. Very characteristic of this zone, especially in connection with 
ore deposits, are the “ scarn” rocks—iron-rich silicate rocks produced by 
the addition of iron and silica to limestones. The process is essentially 
metasomatic, the iron being probably introduced as ferric chloride which 
reacts with the calcium carbonate, driving off the carbon dioxide. The 
chlorine in some cases is retained in‘scapolite. Iron and fluorine intro- 
duced into limestone give hematite and fluorite. Manganese chloride 
gives axinite and scapolite. By the addition of fluorine shales become 
topaz rock, or of fluorine and boron, tourmaline hornfels. It is during 
this later metamorphism that the sulfide minerals are formed. Bismuthi- 
nite is one of the earliest and in some cases is older than the accompany- 
ing andradite garnet. Then follow, as a rule, the compounds of iron, 
lead, copper, and zinc. Pyrite, while widely distributed, is not so abun- 
dant as pyrrhotite. 

The latter half of the book is devoted to the full and careful descrip- 
tion of the minerals of the contact zones. Chalcocite, it appears, is in 
great part a primary sulfide in the Kristiania region. 

F. L. RANSOME. 


History of Geology. By Horace B. Woopwarp. G. P. Putnam’s Sons, 
New York, 1911. 14 portraits. 
The history of geology has already been fairly covered in von Zittel’s 
“Geschichte der Geologie und Palaontologie,” Merrill's “ History of 
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American Geology” and Geikie’s charming “Founders of Geology.” 
Nevertheless the present volume, as one of a series of brief histories of 
the sciences, has its value as a condensed but readable survey of the 
field. The author, who is an English geologist, naturally devotes his 
attention chiefly to the development of geology in Britain and inciden- 
tally illustrates the fact that the science, once bitterly opposed in some 
quarters, owed much of its early progress to a remarkably keen and 
active popular interest. The work of William Smith, the surveyor, and 
of Hugh Miller, the quarryman, are well known; but the cases of 
William Lonsdale, the army officer, who became a geologist after hear- 
ing two ladies conversing about a fossil, Robert Dick, the baker, who 
discovered many of the fishes in the Devonian, Miss Benett, who made 
a fine collection of the fossils of the Upper Greensand, and Mary Ann- 
ing, daughter of a cabinet maker, who found the first specimens of 
Plesiosaurus and Pterodactyl in England, are less familiar instances of 
the early debt of geology to workers without academic training in science. 
The portraits are well chosen and with the many personal descriptive 
touches, as of Sedgwick geologizing in his tall white hat, help to make 
the little volume one that the reader is likely to finish before laying 
down. 
F. L. RANsoME. 


Appleton’s Scientific Primers, Geology. By Pror. J. W. Grecory. D. 
Appleton & Company, New York. Pages 140, with numerous dia- 
grams and illustrations. 

Inspired by the widespread and growing popular interest in scientific 
subjects the author of this primer has sought to present the more im- 
portant geologic principles in a manner intelligible to the general reader. 
The two great divisions of geology—the materials of the earth and the 
processes which affect them—are given about equal prominence. The 
more common igneous rocks are discussed and classified in a simple and 
satisfactory way, as are also those of metamorphic and sedimentary 
origin. The principles of eroson, sedimentation, movements of the 
earth’s crust, volcanoes, earthquakes, etc., are outlined clearly. Toward 
the close a brief section on the study of fossils is followed by a sixteen- 
page summary of historical geology. A short glossary precedes the 
index. 

In this little book most of the basal principles of geology are stated 
in a way to leave the lay reader with a tangible idea of their significance 
and to him it may be highly commended. 

B. Ump.esy. 
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RECENT LITERATURE ON ECONOMIC 
GEOLOGY. 


COMPILED BY 
G, F.. and G. E. Goopspeen, JR. 


METALLIFEROUS DEPOSITS. 


GOLD AND SILVER. 


Algunos criaderos Argentiferos de Cerca de Reyes, Durango. By P. B. 
Lorp and Y. S. Bonirttas. Boletin de la Sociedad Geol. Mex., Tomo 
VII., 1910, pp. 149-154. 

Outlines geology, gives petrographic descriptions, and briefly dis- 
cusses origin of deposits (solutions following diorite porphyry intru- 
sion and forming veins in silicified argillaceous limestone). 


Auriferous Gravels of Cariboo, B. C. By E. Jacoss. Eng. and Min. 
Journal, Sept. 23, 1911, pp. 598-600. 
Describes the deposits and discusses difficulty of obtaining a suff- 
cient water supply. 


The Agency of Manganese in the Superficial Alteration and Secondary 
Enrichment of Gold Deposits in the United States. Discussion of W. 
H. Emmons’ paper (Bull. 46) by C. R. Keyes. Bull. Amer. Inst. Min. 
Engineers, 54, 1911, pp. 503-506. 

Suggests greater emphasis of the fundamental réle played by chlo- 
rides in ore-genesis, and the possible establishment of geographic 
relationships among (1) excessive Cl content of mine waters, (2) 
abundance of chloridic compounds of the precious metals, (3) the 
presence of Mn oxides, and (4) the diminishing importance, in ore- 
genesis, of the metallic sulphates. 


Economic Features of Porcupine Ores. By W. L. Freminc. Eng. and 
Min. Journal, Aug. 5, 1911, p. 253. 
Briefly describes mode of occurrence (quartz-ankerite gold veins 
filling shear zones in pre-Cambrian rocks), and the details of certain 
ore bodies; also gives brief advice on prospecting. 
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Gold Ores of Washington and Oregon. By F. C. Lincorn. Eng. and 
Min. Journal, July 1, 1911, pp. 13-15. 
Gives general account of the Republic and Monte Cristo districts, 
Wash., and the Blue Mountains belt, Oregon. 


Nicaragua and Its Gold Industry. By T. L. Carrer, pp. 195-199. Min. 
and Sci. Press, Aug. 12, 1911. 

A complete summary of the gold mining industry of Nicaragua. A 

few paragraphs only are devoted to economic geology. The occur- 


rence of the gold is in quartz veins accompanied by replacement of 
igneous rock. 


Notes on the Cobalt Area. By W.G. Mitter. Eng. and Min. Journal, 
Sept. 30, 1911, pp. 645-649. 

Presents certain results of investigations made during the past year. 
Summarizes geology, noting especially the quartz-diabase sill and its 
relations to the occurrence and source of the ores, and answering Dr. 
Beck’s criticisms of earlier conclusions. Derivation of ore attributed 
to meteoric water, as well as to magmatic water derived from the 
diabase. 


Notes on Humboldt County, Nevada. By H. C. Curter. Eng. and 
Min. Journal, Aug. 19, 1911, pp. 352-354. 
Brief information on National in the Winnemucca district, and men- 
tion of other districts. 


Ophir, Colorado. A. L. Sweetser. Min. and Sci. Press, July 15, 1911 
(1% pp., illus.). 
Brief history of the town, followed by a description of the geology 


and occurrence of the ore. The veins lie almost wholly in a diorite- 
monzonite stock. 


Philippine Placers. By R. Y. HAnton. Min. and Sci. Press, Aug. 26, 
IQII. I page. 
Description of the Malaguit River district in the Camarines prcvince 
and the Paracale district. 


The Pioche, Nevada District. By R. M. Bett. Mines and Minerals, 
Oct., 1911, pp. 163-164. 
The district covers a low mountain ridge; and the uplift is prob- 
ably due to a buried laccolith of igneous matter relatively rich in 
metals and the source of the district rich in mineralization. 


The Portland Canal District, B. C. By R. G. McConnett. Min. and 
Sci. Press, July 22, 1911, 2% pp., I map. 
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General description of the region. The ore, for the most part 
pyrite, is found in quartz veins in the Bitter Creek argillites and in the 
Bear River greenstones. There are also irregular replacement de- 
posits in the Bear River greenstones. In the latter deposits the gangue 
is made up of altered country rock, quartz, and sometimes calcite, 
barite, garnet, and epidote. 


The Porcupine Gold Area. By A. G. Barrows. Ontario Bureau of 
Mines, Vol. XX., Part II., Toronto, 1911, pp. 3-33. 
Describes geology, character of gold-bearing deposits, and relation 
of quartz veins to granite. The veins are regarded as the end products 
of pegmatitic intrusions. The gold is irregularly distributed. 


Present Conditions at Tonopah Mines. By C. T. Rice. Eng. and Min. 
Journal, July 1, 1911, pp. 17-20. 
Describes latest developments of the different companies. 


Trinity River Gravels, California. (Abstract of a paper by J. S. Drier 
in Bull. U. S. Geol. Survey, No. 470 B.) Eng. and Min. Journal, 
Sept. 9, 1911, pp. 495-497. 


IRON. 


The Erzberg in Styria. By J. T. Srncewatp, Jr. Eng. and Min. 
Journal, July 1, 1911, pp. 22-24. 
Describes geology, ore occurrence and mining and discusses genesis, 
favoring sedimentary origin for the main siderite ore bed, and second- 
ary derivation (from the main ore bed) of the spathic ore in the under- 
lying limestone. L. 


Iron Mines and Mining in New Jersey. By W. S. Baytry. Geol. Sur- 
vey of New Jersey, Vol. VII. (final report series). 

Chap. I. Brief history, outline of geology, and general character of 
the ores. Chap. II. Bog iron ores. Chap. III. Limonite or brown 
hematite. Chap. IV. Hematite. Chap. V. Character of the magnetite 
ores. Chap. VI. Geology of the magnetite-bearing rocks. Chap. VII. 
The magnetite.ore bodies. Chap. VIII. Origin of the New Jersey 
magnetites. The origin of the ores is discussed in detail and is attrib- 
uted in some minor cases to magmatic segregation, in the most im- 
portant cases to magmatic solutions or emanations closely following 
the intrusion of gneisses and pegmatite, and in the case of deposits in 
limestone, to contact metamorphism. A good resumé of earlier 
theories to account for the origin of magnetite deposits in N. J. and 
elsewhere follows. Chap. IX. Ore reserves and exploration. Chap. 
X. Description of magnetite mines in limestone. Chap. XI. Descrip- 
tion of magnetite mines in gneiss. 
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Iron Mining in Scandinavia. By D. E. Woopsrince. Eng. and Min. 
Journal, June 24, 1911, pp. 1255-1260. 
Chiefly a description of the Kiruna non-titaniferous magnetite 
district. L. 


Prospecting for Brown Iron Ore. By H. S. Geismer. Eng. and Min. 
Journal, Sept. 9, 1911, pp. 498-500. 

Gives advice on ascertaining quality of ore, area of deposit, and 
recommends use of a portable churn drill for boring. Lays emphasis 
on irregularity of brown ore deposits and need of thorough pros- 
pecting. i. 


The Sydvaranger Iron Mines. By D. E. Woopsripce. Eng. and Min. 
Journal, Aug. 5, 1911, pp. 261-264. 
A general description, with one column devoted to mode of occur- 
rence. 


MANGANESE. 


Manganese in Lower California. By H. V. Wattace. Min. and Sci. 
Press, Aug. 12, I911 (134 pages, illus.). 

The first half is a general description of the country. The last half 
deals with geology and occurrence of the manganese, which is found 
in cracks in very basic basalt, and is probably formed by metasomatic 
replacement. 


NICKEL. 


The Alexo Nickel Deposit. By W. L. Uctow. Ontario Bureau of 
Mines, Vol. XX., Part II., 1911, pp. 34-38. 
Describes the occurrence (pyrrhotite impregnating serpentine along 
contact with rhyolite) and gives reasons for interpretation as a re- 
placement of the serpentine rock. L. 


LEAD AND ZINC. 


Elizabeth Sheet of the Lead and Zinc District of the Northern Illinois. 
By G. H. Cox. Bull. 16, Ill. State Geol. Survey, 1911, pp. 24-41. 
Describes topography, geology, mining operations, and relation of 
deposits to structural features, and discusses origin of ores, reaching 
a conclusion similar to that reached by Buckly and Buehler in Mo., 
i. e., that the ores were originally deposited in the Maquoketa shales, 
and were concentrated, by downward circulation, in the underlying 
galena limestone. 


The Davis, Oklahoma, Zincfield. By L. C. Sniper. Min. and Sci. Press, 
Sept. 11, 1911, 114 pages. 
Description of region and of the prospects. 
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Oxidized Zinc Ores at Leadville. By G. O. Arcatr. Eng. and Min. 
Journal, Aug. 26, 1911, pp. 399-400. 
Describes the mode of occurrence and origin of the now important 
smithsonite and calamine deposits. 


TIN. 


Genesis of Bolivian Tin Deposits. By M. Armas. Eng. and Min. 
Journal, Aug. 12 and 19, I911, pp. 311-314, and 359-363. 

Outlines general geography and geology and the occurrence of the 
ore (veins closely associated with acidic rocks, chiefly granite and peg- 
matite). The author takes issue with the theories of Sandberg and Van 
Hise regarding genesis, and with the statement of Stelzner regarding 
the mineral and rock associations in the Bolivia tin belt. His theory 
of origin is essentially identical with that commonly accepted as 
accounting for the origin of cassiterite deposits. The second part 
consists of local descriptions. 


VANADIUM. 


Caballo Mountain Vanadium Mines. By P. A. Larsu. Eng. and Min. 
Journal, July 15, rort, p. 118. 

Brief description of some promising deposits. The vanadium ore 
has resulted from the alteration of galena in a fluorite-barite-quartz 
gangue, and is deposited in favorable limestone strata. L. 

Vanadium Deposits in the Caballo Mts., New Mexico. By Cart A. ALLEN. 
Min. and Sci. Press, Sept. 23, 1911, pp. 376-378, illus. Gives the dif- 
ferent prospects and the geology of the region. 


NON-METALLIC PRODUCTS. 


FLUORSPAR. 
Fluorspar in New Mexico. By E. F. Burcuarp. Min and Sci. Press, 
July 15, 1911. 214 pages. 
Gives the geology of the region and the occurrence of the fluorite 
which is found in veins cutting altered monzonite. One page is de- 
voted to mining methods, use of fluorspar, etc. 


COAL, OIL AND GAS. 


Big Sandy Coalfields, Kentucky. By W. T. Grirritn. Eng. and Min. 
Journal, Sept. 9, 1911, pp. 508-510. 


C 
: 


RECENT LITERATURE ON ECONOMIC GEOLOGY. 715 


Describes water transportation, railroad connections, geological 
section, and workings in the Elkhorn seams. 


Coal Geology of West Virginia. Mines and Minerals, August, I9gII. 
An attempt to correlate the different coal beds with those of Penn- 
sylvania. 
Coal Mining in Michigan. Mines and Minerals, Oct., 1911, pp. 198-251. 
The first part is a discussion of the geology of the coal measures of 
Michigan according to A. C. Lane's Michigan Geology. The rest of 
the paper deals with mining methods. 


Studies of Illinois Coal. Bull. Ill. State Geol. Survey No. 16, 1911, pp. 
177-301. 
Contents :—Introduction by F. W. DeWo tr; the Illinois coal field 
by A. BEMENT; the chemical composition of Illinois coal by S. W. 
Parr; the geology and coal resources of the West Frankfort quad- 
rangle by G. H. Capy, of the Herrin quadrangle, by T. E. Savace, of 
the Murphysboro quadrangle, by E. W. SHaw; review of mine rescue 
work in Illinois, by R. G. Witt1AMs; diamond drill core from Frank- 
lin County, by G. Uppen. 


Coal, Oil and Gas of the Foxburg Quadrangle, Pennsylvania. By E. W. 
SHAw and M. J. Munn. Bull. U. S. Geol. Survey 454, 1911, pp. 85, 
with Io plates and 15 figures. 

Describes stratigraphy and structure, and gives general and detailed 
descriptions of the coals and the oil and gas pools. The oil and gas 
pools do not conform with anticlinal structure, and their existence is 
attributed to the ability of water diffusing through shale to drive out 
the thinly disseminated oil and gas and to concentrate them in the 
porous sands. 


Cave-Ins in Oil Wells. By D. Hacer. Min. and Sci. Press, Aug. 5, 
I9II, 1% pp., illus. 
Gives cause and prevention of cave-ins with especial reference to 
the California fields. 


The Diffusion of Crude Petroleum through Fuller’s Earth, with Notes 
on its Geological Significance. By J. E. Grrprn and O. E. Bransky. 
Bull. U. S. Geol. Survey 475, 1911. Pp. 50 with 7 figures. 

Presents results of an investigation of the changes occurring in 
crude Illinois oil when diffused through fuller’s earth, and suggests 


fractionation during diffusion as a cause of the variations among the 
oils of the U. S. 


The Illinois Oilfields. By H. A. Wueeter. Eng. and Min. Journal, 
Aug. 19, 1911, pp. 355-356. 
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Reviews the results of State Geological Survey work which have 
led to oil discoveries. L, 


The Lander Oil Fields, Fremont County, Wyoming. By E. G. Woop- 
RUFF. Bull. U. S. Geol. Survey, No. 452, 1911, pp. 7-36. 

Describes stratigraphic and structural geology, the occurrence, 
source, character, uses, market, production and development of the 
oil. 

Oil and Gas Fields of the Carnegie Quadrangle, Pennsylvania. By M. 
J. Munn. Bull. U. S. Geol. Survey 456, 1911. Pp. 99, with 5 plates 
and 2 figures. 

Describes stratigraphy, areal and structural geology, and the differ- 
ent oil fields in each county, and the general relation of oil and gas 
pools to geologic structure. 


Oil Resources of Illinois with Special Reference to the Area Outside the 
Southeastern Fields. By R. S. Bratcuiey. Bull. Ill. State Geol. 
Survey, No. 16, 1911, pp. 42-176. 

Reviews theories of origin and factors influencing accumulation of 
oil, describes general and detailed geology, and indicates prospective 
and prospected territory by counties. 


The Salt Creek Oil Field, Natrona County, Wyoming. By C. H. WEce- 
MAN. Bull. U. S. Geol. Survey, No. 452, 1911, pp. 37-83. 
Describes stratigraphic and structural geology, the oil sands, and the 
relation of oil to anticlinal structure, discusses origin of the oil, and 
gives analyses and bibliography. ~ 


STRUCTURAL MATERIALS. 


Structural Materials in Illinois. By J. A. UppEen and J. E. Topp. Bull. 
Ill. State Geol. Survey, No. 16, 1911, pp. 342-390. 
Describes resources, including stone materials for concrete clay 
products and materials for plaster, of several separate localities. 


WATER. 


Water-Supply Paper, U. 8. Geol. Survey, No. 258. Underground-water 
papers, 1910. 1911. 123 pp., 2 pls., 32 text figures. 

The fifth of a series of collections of papers that give brief accounts 
of investigations of special underground-water probléms by the United 
States Geological Survey. Discusses some peculiar conditions affect- 
ing the economic value of wells and the occurrence of water in certain 
rocks of widespread occurrence. Contains the following papers: 

Drainage by wells, by M. L. Futter. 
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Freezing of wells and related phenomena, by M. L. FULLER. 

Occurrence and composition of well waters in the slates of Maine, 
by F. G. Crapp. 

Occurrence and composition of well waters in the granites of New 
England, by F. G. Crapp. 

Pollution of underground waters in limestone, by G. C. Matson. 

Protection of shallow wells in sandy deposits, by M. L. FuLyer. 

Composition of mineral springs in Maine, by F. G. Crapp. 

Saline artesian waters of the Atlantic Coastal Plain, by S. SanForp. 

Magnetic wells, by M. L. Futrer. 


The utilization of the underflow near St. Francis, Kans., by H. C. 
WOLFF. 


REGIONAL REPORTS. 


Algunos Datos Geologicos sobre el Mineral ‘‘ La Campana,’’ Distrito de 
altaro, Sonoro (Mex.). By Y.S. Bonirtas. Boletin de la Soc. Geol. 
Mex., Tomo VII, 1910, pp. 155-168. 

Gives general geology and descriptions of the vein, describes rocks, 
vein minerals, and details of mines, and discusses genesis of deposits. 
(veins containing quartz calcite and typical Fe, Sb, Cu, Pb, V, Mo, and’ 
Mn minerals, associated with granitic and andesitic rocks). 


Appraisal of Michigan Mines. By J. R. Finrtay. Eng. and Min. 
Journal, Sept. 9, 16, 23, and 30, Oct. 7 and 14, rgII. 
Methods and factors of appraisal first given, followed by appraisals 
of the several mines. 


Four Famous Districts Compared. By A. Locxe. Eng. and Min. 
Journal, Sept. 9, 1911. 
Shows similarities and differences in structure and mineral content 


between the Comstock and Guanajuato and between Tonopah and. 
Pachuca. 


Geology and Mineral Resources of the Nizina District, Alaska. By F.. 
H. Morrit and S. R. Capps. Bull. U. S. Geol. Survey, 448, 1911, pp. 
III, with 12 plates and 11 figures. 

Describes stratigraphy, historical geology, and economic geology. 
The economic products are copper (as sulphides associated with green- 
stone and limestone, as native copper associated with greenstone and as 
placer copper) and gold (in placers). 

Sewickley (Pa.) Folio. By M. J. Munn. Folio No. 176, Geol. Atlas, 
U. S. Geol. Survey, 1911. 16 folio pages of text, 4 maps, I columnar 
section sheet, 8 text figures. 

Descriptions and maps of the Sewickley quadrangle, comprising 227 
square miles in western Pennsylvania, northwest of Pittsburg. 
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Burgettstown-Carnegie (Pa.) Folio. By E. W. Suaw and M. J. Munn. 
Folio No. 177, Geol. Atlas U. S. Geol. Survey, 1911. 16 folio pages of 
text, 8 maps, 1 columnar-section sheet, Io text figures. 

Description and maps of the Burgettstown-Carnegie quadrangle, 
comprising 455 square miles in Allegheny, Beaver and Washington 
Counties, Pa. 


Geology and Ore Deposits of the Blewett Mining District. By C. E. 
Weaver. Washington Geol. Survey, Bull. No. 6, 1911. 

Chap. I., Physiography ; Chap. II., General Geology ; Chap. III., Eco- 
nomic Geology; Chap. IV., Detailed description of the mines. The 
deposits are principally veins of quartz, calcite, and talc, carrying gold, 
arsenic, iron, sulphur, and small amounts of silver, lead, and copper. 
They cut serpentinized peridotitic rocks and are believed to be genetic- 
ally associated with Mesozoic granodiorite intrusions. 


A Geologic Reconnaissance in Southeastern Seward Peninsula and the 
Norton Bay-Nulato Region, Alaska. By P. S. SmitH and H. M. 
Eaxken. Bull. U. S. Geol. Surv., No. 449, 1911. 146 pages, 13 plates, 
15 figures. 

27 pages devoted to geography, 60 pages to general geology, and 
40 pages to economic geology. Gold placers are described in separate 
areas of unmetamorphosed and of metamorphosed rock. Lode pros- 
pects carrying gold, lead-silver, and copper and coal deposits comprise 
the remaining mineral resources. 


Glacial Remains of the Georgetown Quadrangle. By A. Laxes. Min- 
ing Sci., Oct. 5, 1911, I p., I map. 
A study of the geological conditions in Clear Creek Canyon and 
the bearing of glacial action upon both the topography of the county 
and the mining industry. 


A Journey Across South America. By F. Graizor. Eng. and Min. 
Journal, July 8 and 15, 1911, pp. 70-73. 
Notes on various deposits in Bolivia and seen on a trip from La 
Paz to Para, Brazil. 


Mineral Resources of the Llano-Burnet Region, Texas, with an Account 
of the Pre-Cambrian Geology. By S. Patce. Bull. U. S. Geol. Survey, 
No. 450, 1911, pp. 103, 5 plates, 22 figures. 

The iron deposits are fully described and regarded as originally 
of sedimentary origin and later changed by dynamometamorphism. 
Deposits of gold, copper, lead, graphite, manganese, rare-earth metals, 
zine blende with fluorite gangue, serpentine and talc, oil, and struc- 
tural materials are described. 
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La Noria Mine in Zacatecas (Mexico). By A. O. CurisTENSEN. Eng. 
and Min. Journal, Oct. 7, 1911, pp. 700-703. 
One column devoted to outline of areal geology, two to description 
of the appearance of ore in the La Noria vein; and remainder to 
methods of working, etc. L. 


Oklahoma Metalliferous Minerals. By C. N. Goutp. Min. and Sci. 
Press, July 1, 1911, 2%4 pp., 2 maps. 
Description of the various ore deposits of the State. 


Reconnaissance of the Ore Deposits in Northern Yuma County, Arizona. 
By H. Bancrort. Bull. U. S. Geol. Survey, No. 451, 1911. Pp. 130, 
with 8 plates and 21 figures. 

Describes general geology and gives general detailed descriptions 
of the mineral deposits. Pre-Cambrian, Mesozoic, and Tertiary min- 
eralization periods are represented. Gold and copper deposits are the 
most important, the latter of especial interest because of its concen- 
tration as a result of dynamometamorphism. Iron, lead, and quick- 
silver deposits are briefly described. 


Southern Sonora and Chihuahua. By C. W. Borsrorp. Eng. and Min. 
Journal, Oct. 7, 1911, pp. 704-706. 

Briefly describes route of travel and mines, and mentions distribu- 
tion of rocks in a (geologically) little known region. Accompanied 
by a sketch map and an ideal structure section. L. 

Summary Report of the Geological Survey Branch of the Department of 
Mines for the Calendar Year 1910. R. W. Brock, Director. Ottawa, 
IQII. 

Contains administrative report, observations made along the Hudson 
Bay route, and brief reports from the different field parties in British 
Columbia, Alberta, Saskatchewan, Ontario and Quebec. 

Illinois State Geological Survey, 1910. Bull. No. 16. Urbana, Ill. Year- 
book for 1909. F. W. De Worr, acting Director. 

Contents: Administrative report for 1909, Elizabeth sheet of the 
lead and zinc district (see LEap and Z1Nc). 

Studies of Illinois coal (see Coat) faunal succession and correla- 
tion of the pre-Devonian formations of southern Illinois, by T. E. 
SavacE, and the occurrence of structural materials in Illinois, by J. 
Uppen and J. E. Topp. 


ORE DEPOSITS. 


Sulphides of Iron and their Genesis. By E. T. Atten. Min and Sci. 
Press, Sept. 30, 1911. 
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Gives a complete account of various laboratory experiments for 
producing pyrite, marcasite and pyrrhotite synthetically. 


Fault Problems. By C. T. Torman. Min. and Sci, Press, July 29, and 
Aug. 5, 1911 (cont. from page 810, Vol. 102). 
Shows how fault problems may be solved by the use of descriptive 
geometry. 


Problems on the Dip. By J. Bonp. Eng. and Min. Journal, Sept. 2, 
pp. 454-456. 
Figures and describes 11 examples of veins with irregular or un- 
expected dip, but gives no data on related structures of the country 
rocks. Shows the importance of following the ore in prospecting. 


UNCLASSIFIED. 


Biographical Notice of Samuel Franklin Emmons. By G. F. BEcKER. 
Bull. Amer. Inst. Min. Engineers, No. 57, 1911, pp. 673-692. 
Gives incidentally much historical data relating to the science of 
ore deposits, and closes with a list of Professor Emmons’ scientific 
publications. 


Land Laws and the Mining Industry. By Grorce Otis SmitH. Eng. 
and Min. Journal, Aug. 12, 1911, pp. 298-300. 

Favors separation of mineral from surface rights, leases of water- 
power, and of coal lands, larger areas in coal land grants, new laws for 
oil and phosphate lands, repeal of the apex law, and new laws for 
locations without discovery and for forcing the development of claims. 


The State Geological Surveys of the United States, compiled under the 
direction of C. W. Hayes. Bull. U. S. Geol. Survey, No. 465, 1911. 
177 pp. 

Brief sketches of the origin and history of the geological surveys 
in the several States and Territories of the United States, their orga- 
nization, and the laws governing them with statements showing the 
amounts appropriated and the purposes for which they have been ex- 
pended. Compiled from reports submitted by the State geologists or 
by other officials of the surveys. 


Mineral Resources of the United States, Calendar Year, 1910; Advance 

chapters as follows: 

The production of quartz and feldspar in 1910, by E. S. Bastin, 
IQII, 15 pages. 

The production of fuller’s earth in 1910, by JEFFERSON MIDDLETON, 
1911, 8 pages. 

The production of monzonite in 1910, by D. B. SteErrett, 1911, 
6 pp. 
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The production of asbestos uu. .yiv, by J. S. DILLER, I9II, 13 pp. 

The production of chromic iron ore in 1910, by E. F. BurcHarp, 
IQII, 5 pp. 

The production of sand-lime brick in 1910, by JEFFERSON MIDDLETON, 
IQII, 6 pp. 

Mineral Resources of the United States, Calendar Year, 1909. Part I. 
Metals; 617 pages, 1 plate, 4 text figures. Part II. Non-metals; 942 
pages, 6 text figures. 

Statistics of production of mineral substances in the United States, 
including accounts of the chief features of mining progress and com- 
parisons of past and present production and conditions. A consolida- 
tion of 53 advance chapters, each reporting on a separate mining 
industry. 


: 
aa 
. 


SCIENTIFIC NOTES AND NEWS' 


THe AMERICAN INSTITUTE OF MINING ENGINEERS held its 
meeting at San Francisco, California, the second week in Oc- 
tober. The meeting was preceded by an excursion to the Grand 
Canyon, Los Angeles, Santa Barbara, and Del Monte and was 
followed by an eighteen-day excursion to Japan. The Japanese 
excursion left San Francisco on the Steamship Manchuria, of 
the P. M. S. S. Co., on October 17, arriving in Yokohama on 
Friday, November 3. A stop was made at Honolulu, in the 
Hawaiian Islands. The excursion in Japan includes Tokio; 
Nikko and Chuzenji district; Tokio, Kamakura and Hakone: 
Kioto, Nara, Osaka, Kobe, etc.; Ikuno Silver-Mine; Miyajima, 
Imperial Steel Works, Yawata, Kiushu, Miike Colliery, Tokio, 
or Yokohama. The members of the Institute expect to return 
on the Steamship Siberia, leaving Yokohama November 21, and 
arriving in San Francisco on December 7. 


Pror. WiLt1AM M. Davis, of Harvard University, has been 
granted a leave of absence for the academic year 1912. 


Tue UNITED STATES GEOLOGICAL SuRVEY has recently issued 
a volume entitled Monograph 52, on the geology and ore deposits 
of Lake Superior. The monograph is by C. R. Van Hise and 
C. K. Leith, of the University of Wisconsin. It contains in all 
641 pages and includes full descriptions of all the iron and copper 
ores of the Lake Superior region. The appearance of this 
volume is one which will be welcomed by all geologists and 
engineers as the final completion of the Survey work in the 
Lake Superior region, work which was begun by R. D. Irving 


* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal iteins as may come to their notice. 
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and has been prosecuted since his death by C. R. Van Hise. It 
is the culmination of a piece of remarkably painstaking labor and 
it has engaged the attention of geologists for a long period of 
years. 


URANIUM oREs recently discovered in the northern portion of 
South Australia promise, according to different geologists, to be 
of exceptional importance. 


Witi1AmM H. Emmons, recently associate professor of eco- 
nomic geology and mineralogy at the University of Chicago, 
has been appointed head of the department of geology in the 
University of Minnesota. 


Mr. A. C. TRowsripce, formerly of the University of Chicago 
and of the Illinois Geological Survey, has been appointed pro- 
fessor of geology in the State University of Iowa. 


Cart ZAPFFE has returned from a seven weeks trip of a 
geological examination of lands in the Mt. St. Helen’s District 
in the southern portion of the Cascade Mts., Wash. 


Mr. J. R. Fintay is now consulting engineer for Charles 
Head & Co., New York. 


A. C. SPENCER, of the U. S. Geological Survey, spent the past 
summer examining lands offered under the Weeks Act which 
places upon the U. S. Geological Survey the duty of showing the 
connection between lands recommended for purchase and the 
promotion or protection of the navigability of dependent streams. 
Mr. Spencer’s observations in the White Mountains did not lead 
to a positive showing and in this region a detailed study of pre- 
cipitation and runoff has been initiated by the Water Resources 
branch of the survey. It is hoped that these intensive investiga- 
tions will lead to the recommendation of the desired lands for 
federal purchase. In the southern Appalachians it has been a 
relatively simple matter to find a connection between lands which 
have been offered and the navigability of such streams as the 
Tennessee and Savannah Rivers. Favorable reports have been 
made on areas aggregating nearly 1,000,000 acres. F. B. Laney 
was associated with Mr. Spencer in the work. 
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FreD Kay who has been in the geologic department of the 
Southern Pacific Railway for the past two years is now assistant 
State Geologist of Illinois. 


D. W. OHERN is State Geologist of Oklahoma, succeeding C. 
N. Gould. 


M. O. Letcuton, chief hydrographer of the U. S. Geological 
Survey, attended the sessions of the National Irrigation Congress 
at Chicago, December 3-9. 


Tue U. S. GeoLocicaL Survey reports that on December 1, 
IQII, 52,396,714 acres of public domain had been classified as 
to their coal content under the secretary’s regulations of April 
10, 1909. Of this amount 13,490,518 acres have been classed as 
coal lands and valued at $673,771,316. The value of these lands 
at the old minimum price is $231,255,189, a difference of $442,- 
516,127 representing the increase in values to the government as 
the result of systematic classification. 


J. M. Hit, who is now in Shasta County, California, will 
return to Washington, D. C., late in December. 


SIDNEY PaIGE spent last summer on the Paleozoic and pre- 
Cambrian problem in the Black-Hills, beginning detailed map- 
ping of the whole pre-Cambrian area. 


F, J. Karz has made a detailed geologic map of the Portland, 
Maine, region for folio publication, in codperation between the 
State and Federal Surveys. 


E. F. Burcuarp returned to Washington early in December 
after a season of investigation in the iron resources of the Chatta- 
nooga district. 


THE EXAMINATION of Northern Pacific Railway land grant 
lands by the Geological Survey for the purpose of classification 
was completed this season by F. C. Calkins and E. L. Jones in 
Idaho, and by J. T. Pardee and R. W. Stone in Montana. 


J. B. Umpesy now has ready for publication a description of 
the Texas mining district, Idaho, which he revisited last summer. 
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This district produced in the previous year about $750,000 in 
lead-silver ore. 


F. L. RANSoME expects to return to Washington the last of 
December. Besides completing underground studies in the Ray 
and Miami districts and doing some work in the Tombstone dis- 
trict, Arizona, Mr. Ransome expects to trace the Paleozoic sec- 
tion across the state to the Grand Canyon of Arizona. 


M. J. Munn returned to Washington the first of December 
from field work in Tennessee where, in codperation with the 
State Survey, he has been examining gas fields. During part of 
the summer he was in Ohio, Pennsylvania and West Virginia col- 
lecting material for a summary report on the oil and gas of the 
entire Appalachian region. 


As was announced in the newspapers several weeks ago, Dr. 
C. W. Hayes resigned his position as chief geologist of the U. 
S. Geological Survey on October 15 to accept the position of first 
vice president and general manager of the exploitation depart- 
ment of Compania de Petrolio “El Aguila” S. A. His address 
is Apartado 150, Tampico, Tamps, Mexico. Dr. Hayes was first 
appointed on the Geological Survey in 1887 and had been chief 
geologist since 1902. It was only because of the very advan- 
tageous offer he received from S. Pearsons & Sons that Dr. 
Hayes severed his connection with the survey and it was with 
sincere regret that the members of the bureau learned of his 
departure. Dr. Hayes is succeeded by Waldemar Lindgren, who 
took up the duties of chief geologist early in November. Mr. 
Lindgren has been on the geologic staff of the survey since 1884 
and is too well known as the author of a large number of sci- 
entific publications relating to metalliferous deposits to need 
further introduction to the readers of this magazine. It is the 
intention of the director that Mr. Lindgren’s new responsibility 
will not involve any large interference with his personal work in 
economic geology in the Rocky Mountain region. The business 
administrative details of the office of chief geologist will be 
handled by F. B. Van Horn who adds to his title of geologist that 
of Administrative Assistant. 
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THE UnitTep STATES GEOLOGICAL SURVEY is issuing a series 
of short papers on the possible sources of potash materials. The 
first of these papers is by H. S. Gale and describes the progress 
of deep drilling operations now being done by the survey in 
Nevada. Other papers have been written by W. C. Phalen, B. S. 
Butler, Whitman Cross and A. R. Schultz, and are now in press. 
These reports give not only the results of recent work done under 
the specific appropriation for the investigation of potash deposits, 
but include the results of earlier scientific work of the survey not 
originally directed to the potash problem but now found very 
applicable to this problem which has become of international 
importance. When Gilbert and Russell described in scientific 
detail the prehistoric lakes Bonneville and Lahontan, and Cross 
made close petrographic studies of the Lucite Hills they were 
laying the foundation on which the survey’s work in the search 
for potash in 1911 was largely based. Mr. Gale’s paper is the 
first of the series to be published, and is now ready for distribu- 
tion. The second paper, by W. C. Phalen, gives the results of his 
investigation during the past summer of potash resources as- 
sociated with brines and bitterns and salt deposits in general in 
New York, Ohio, Michigan, West Virginia, Kansas and Louisi- 
ana. This preliminary report is in press and will be issued before 
the end of 191T. 


Tue large and widespread interest in the new geologic wall 
map of North America in 42 colors just issued by the U. S. 
Geological Survey is shown by the fact that one of the first 
orders came from the vice president of an important steel 
company. 

R. W. Ricuarps and G. W. MansriEtp of the U. S. Geo- 
logical Survey made a detailed areal and structural economic 
geology map of about 300 square miles in the phosphate reserve 
in southeast Idaho during the past summer. The area contains 
probably the largest amount of phosphate found in any of the 
areas studied in previous vears. The region is one of complex 
geologic structure, including two thrust faults of great magni- 
tude. 
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N. C. Grover, chief engineer of the Land Classification Board 
of the U. S. Geological Survey, is on a tour of the Pacific Coast 
States in connection with power and irrigation projects now 
before the survey for action. 


CONVOCATION WEEK will bring together in Washington the 
members of the Geological Society of America and Section E 
of the American Association for the Advancement of Science. 
The presidential address of the Geological Society of America 
will be given at a smoker to be held at the Cosmos Club Friday 
evening, December 29. 


A. C. Veatcu, E. E. Smira and WEAVER, who have 
been making an examination of prospective oil lands in Trinidad 
and Venezuela for a year or more, returned to New York No- 
vember 12 and are now at their respective homes. 


E. B. Hopxins is in Washington, D. C., on a two months’ 
furlough from his work in the oil fields at Tampico, Mexico. 


WALDEMAR LINDGREN is giving a course of lectures in eco- 
nomic geology at the Massachusetts Institute of Technology dur- 
ing November and December. 


C. A. Fisuer, of the firm of Arnold and Fisher, consulting 
geologists and engineers, Denver, was in Washington and New 
York the first week in December on professional business. 


Max PiscuHet, of the Federal Survey, is at present in the 
Wind River Reservation, Wyoming, getting evidence to deter- 
mine the royalty to be charged for the lease of certain coal lands 
in the Indian reservation. 


RateH ArNotp, of Los Angeles, returned to New York, 
December 7, from a short trip to Trinidad where he has been 
examining prospective oil lands for American interests. Robert 
Anderson made a trip to the same field in November, examining 
the southern half of the island for a British company. 


W. H. Storms, a consulting mining engineer of San Francisco, 
has been named as State Mineralogist of California to succeed 
L. E. Aubury, who has held the position for a number of years. 


728 SCIENTIFIC NOTES AND NEWS. 


Proressor T. A. JAGGaR, of the Massachusetts Institute of 
Technology, will sail for Hawaii in the near future in connection 
with work which he is superintending in the Volcanic Observa- 
tion Station located there. 


PROFESSOR JOSEPH BARRELL, of Yale University, will deliver 
a course of lectures on geology at the University of Illinois dur- 
ing the week beginning January 15 of the coming year. 


